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LOOK BETTER and. 
ARE BETTER with 


the NEW G-E Welding Electrodes 


°NO UNDERCUTTING 
eNO OVERLAPPING 
eNO PILE-UP 


Typical appearance c 
single-pass and multipe 
overhead fillets made w 
new G-E electrode, | 

W-20E 


N these days of streamlining, the value of eye appeal has become 

increasingly important. Modern welding not only has to be good 

it also has to look good. General Electric recognizes this need and 
has designed its new line of electrodes accordingly. Welds made 
with them look good and are good-—-as shown by a glance at the 
excellent appearance of these typical samples. 


Their appearance proves that the electrodes actually helped the 
operator to lay down uniformly sound weld metal, and that he was 
not handicapped by having to fight against undercutting, over 
lapping, or piling up of the deposit. Obviously, such appearance 
also helps to create preference—-a real preference-—for the welded 
product. 
Many other advantages are also obtained by users of the new G-E Typical apps 
electrodes. The remarkable new coating permits the use of higher : oon oe 
currents——hence faster welding speeds; the unusually high ductility ~ ——* 
and impact resistance obtained helps to avoid stress concentrations 
and to withstand heavy shock loads; spatter* is minimized; and 
there are many other points of excellence. 

i Typical appe 
But you don’t have to take anyone’s word for these claims. Try ~ wom at 9 ee 
these rods. Call the nearest G-E arc-welding distributor or G-E : the new G-E 
sales office for samples. Or send the coupon to General Electric, — 
Schenectady, N. Y. + ateteateteteietete 


*As a further aid in obtaining excellent appearance and in saving General Electric Co.. Schenectady 


time, especially on work which is to be painted or otherwise Dept. 6B-201 
finished, use G-E Glyptal No. 1294 to prevent weld spatter from F 
adhering to or marring surfaces adjacent to the weld. It’s new Please send me samples of your 


electrodes 


Visit the G-E exhibit at the National Metal Exposition, 
Detroit, October 17-21, Booths A-109, A-115 
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Fig. 1A Modern 12 Yard Carryall Scraper Loading Itself 


Fig. 2—Box Beam Traveling Through Tack-Welding Machine Angles 


Entering Aligning Rolls at Lower Left 


ARC WELDING ROAD EQUIPMENT 





By ELMER E. 


HE super-highways of today own their rapid, low- 
cost construction to the use of large modern tractor 


operated road building equipment. Hills and 
gulches have been eliminated with the result that the 
highways of today are flat, straight and safe. Low 


carbon alloy steel and the modern arc-welding process 
have done much to make this possible. 

Of all the equipment used in road building, the 
Carryall scraper contributes more to the actual building 
of the road than any other one piece of equipment 
Chese Carryall scrapers are built in sizes with a capacity 
of 3.5 to 30 cubic yards. Drawn by tractors, they load 
themselves and carry their load to where the dirt is to 
be deposited (see Fig. 1). The scraper then unloads 
itself and at the same. time spreads its load uniformly 
Units of this type, regardless of capacity, are subjected 
to tremendous shock, impact and torque stresses. 

Throughout the entire building of a scraper, box type 
construction isemployed. This type of construction pro 
duces great strength, rigidity and resistance to torque 
The box beam, being a most simple member, yet so 
very important in the construction of these units, is 
fabricated on a production basis. They are produced in 


* Paper to be presented at Annual Meeting, A. W Detroit, M 
Oct. 16 to 21, 1938 
t Plant Supt., R. G. LeTourneau, Inc., Peoria, III 
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Fig. 4—Air-Operated, Four-Way Positioning Substructure 
Fixture Designed to Hold Distortion to a Minimum 











a variety of sizes and shapes—-they may be 2 x 2 x 4/4 
inch as large as 8 x 8 x '/, inch. They may be long or 
short, straight or curved. Straight box beams are 
fabricated from angles; while the curved sections are 
fabricated from four pieces of plate: Two are flame cut 
to give the type of curvature desired and two are stand 
ard rolled bars formed to the desired radii in a set of 
plate-bending rolls. Since the type of box beam most 
extensively used in the manufacture of our product is 
box beam made up from standard rolled angles, a pro- 
duction system has been developed to produce them. 

In fabricating the beams of angles, the latter are 
placed edge to edge in a low-speed conveyor for the tack 
welding. The section is held securely in alignment by 
rolls at sides as well as top and bottom (see Fig. 2) 
The travel is through a booth. An arc-welding operator 
on either side applies tack welds to the seams at six-inch 
intervals. The sections are tack welded into 30-foot 
lengths. Following tack welding, the 30-foot lengths are 
cut into shorter pieces as required in production. Square 
cut beams are cut by hacksaws. Bevel cuts are made by 
flame cutting. 

The finish welding of the beams is also done with the 
aid of a slow-speed conveyor which carries the work past 
operators (see Fig. 3). The speed of travel is adjusted 
to suit the size of the beam being fabricated. The 
heavier sections require more weld, therefore travel at a 
slower speed. 

Skip welding is employed in the finish welding to 
avoid any possible distortion. The welding is done by 
three operators on short sections; and four on long sec 
tions. The first operator skip welds one side of the beam 
by laying about 10-inch beads and then skipping about 
10 inches and so on for the entire length of the beam. The 
second operator turns the beam over and does the same 
to the other side. Continuing on the same side, the 
third operator fills in the skips. The fourth operator 
completes the welding by turning the beam over and 
filling in the skips. 

Curved box beams are fabricated in fixtures designed 
especially for that part. These fixtures are of the all- 
positioning type allowing down-hand welding for the 
entire length of the beam. 

In the construction of the scraper there are seven 
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Fig. 5—Substructures Being Placed in and on Body Fixture Prior t: 


Unification by Arc Welding 





major welded structures or assemblies; namely—the 
body, yoke, front axle, push beam, wheels, tail gate and 
front apron. Each structure is a complete rigid unit 


Fig. 6—Rapid Production Made Possible by Use of Simple Fixture Allow 
ing Down-Hand Welding 





Fig. 7—Completed Wheel (Upper Left) and Component Parts 
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structed of small substructures and parts assembled 
| arc welded in fixtures. 
[he body structure consists of six major substructures 
se are made up of standard plate and roll sections, 
ne or shear cut which are placed in fixtures and welded 
se fixtures are designed to hold distortion, due to 
ling, to a minimum and to facilitate all down-hand 
lding. A good example of a substructure in the proc 
of fabrication is seen in Fig. 4. On completion of 
brication, all substructures of the body are placed in 

i on a fixture that holds them in perfect alignment 

ee Fig. 5). In addition to accomplishing this important 

quirement, it affords better and quicker fit-ups 

In order to hold welding costs to a minimum, all welds 
ure completed that can be made down-hand while the 
fixture is in the body. The fixture is then removed and 
the body turned completely over by the use of an over 
head crane, to accommodate down-hand welding on the 
bottom side. Figure 6 shows the apron structure in its 
assembly and welding fixture. 

The body being the major part of a scraper serves as 
an example of our regular procedure in the fabrication 
f all the other structures, with the exception of the 
wheels. 

he wheels are made in a variety of sizes and since 
they are required in large quantities, a rapid production 
set-up has been developed. The hub, disk, rim and tir 
ring, constitute a wheel structure (see Fig. 7). 

fo maintain light weight and from an economical 
standpoint, the hubs are made by rolling two pieces o! 
bar steel. One is rolled just under the size of the larger 
bearing seat and one for just under the size of the smaller 
bearing seat. These two rings are then welded together 
and machined inside to take the bearing races; outside 
to receive the disks. Both ends are faced. 

rhe disks of the wheels are cut on a rotary shear; the 
center hole punched in a punch press. They are dished 
to various depths in a hydraulic press, the depth of the 
disk varying from one to four inches, depending upon the 
size of the wheel in which the disk is to be used. They 
are welded to the hubs in a rotating fixture that allows 
down-hand welding on all joints. The outsides of the 
disks are then turned to true size and holes are drilled 
and tapped for hub caps. The bores to receive the bear 
ing races are also reamed at this stage as the welding of 
the disks onto the hub causes out of roundness of the 
bores. 

The next step is the application of the rim which is 
welded to the disks. The rims may vary in width from 
6 to 33 inches depending upon the type of wheel being 
fabricated. A °/s by 1-inch ring is welded to the outside 
of the rim which later machines to form the tire locking 
ring groove. The stationary tire rings are then welded 


on 


The finished structures are then moved to the final 





Fig. 8A Thorough Cleaning dol 


Progress on a Completed Scraper 


assembly line where they are mounted on and to the 
body. This assembly is accomplished by pins and bolts 
completing the scraper. It will be noted that all struc 
tures are one solid unit unified by arc welding and no part 
of a structure is readily removable without the aid of a 
cutting torch. Yet, by removing a few pins and bolts, 
any one complete structure of the scraper can be easily 
removed 

he above information stresses only the application of 
production on a large scale to an all-welded product 
Che success of a good product and its rapid production 
is dependent upon efficiently trained operators who have 
been trained to weld on this particular type of work 

The inspection department plays an important rdl 
by constantly striving for welds that are free from under 
cut and deposited to a specified size as called for on the 
drawing. The AMERICAN WELDING SocIETY weld sym 
bols are used on all structure drawings 

A department that receives very little credit, but which 
plays an important rédle in the production of welded 
equipment, is the cleaning department heir duty is 
to remove all slag and scale from the welds (Fig. 8) and 
prepare the unit for its coat of paint. A good cleaning 
job eliminates paint deterioration, corsequently en 
hancing the appearance of the finished product 

he welding of small parts on a production basis has 
been an accepted practice for a number of years; however, 
industry has been slow in recognizing the merits of 
fabrication by welding of large, heavy-duty equipment 
on a rapid production basis. The general impression has 
been that it was expensive and not adaptable to produ 
tion methods. It can readily be seen from the foregoing 
that when properly applied, regardless of size or shape 
welding can be treated as any other means of unification 
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Fig. l—Diagram of Side Frame 


ARC WELDING OF TRUSS 


TYPE 





By A. M. UNGER? 


HE great majority of railroad passenger cars in 

operation today have sides of a girder type. There 

are longitudinal members at the side plate, window 
header, belt rail and side sill which serve as stress mem- 
bers for vertical loading and these combined with the 
side posts and the outside girder sheet take care of the 
vertical loading plus longitudinal impact forces. 

The girder sheet has an appreciable value only for the 
portion of the sheet near the post and longitudinal mem- 
bers. At the center of the panel when panel spacing is of 
considerable size, the forces acting on the girder sheet are 
small. 

Much research and development has taken place over 
a number of years to produce lighter cars of equivalent 
strength and in the last four or five years this work has 
been highly intensified. 

The reduction of weight is needless to say, extremely 
desirable both from an economic and operating stand 
point. The girder type of side frame is at some slight 
disadvantage from a weight saving standpoint inasmuch 
as the stresses throughout the whole area of the girder 
sheet are rather low, being concentrated near posts, stiff- 
eners and longitudinal members; however, this disad 
vantage is more theoretical than actual as this difference 
between the two is very small and is practically lost sight 
of in the finished structure. 

The truss side frame has been developed on the basis 
that all the framing members can be so placed and so pro 
portioned that they are stressed uniformly throughout 
the complete area of these sections. Very thin side 
sheets can be applied which do not have to withstand any 
stresses. The weight saving depends on the extent to 
which the side sheet can be reduced in thickness and still 
produce the necessary protection from the weather, etc 

A side frame of this type was designed for testing, using 
low-alloy high-tensile steel. With this material as a basis, 
the frame was designed so that tension and compression 
members were stressed to the permissible safe stress per 


* Paper to be presented at Annual Meeting, A. W. S., Detroit, Mich 
Oct. 16 to 21, 1938 
t Welding Engir cer, Pullman-Standard Car Mfg. Co., Chicago, Il 
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2—Arrangement of Specimen for Test 


Fig. 


square inch. Due allowance was made for all forces act 
ing in these members in designing the various sections « 
the truss frames. 

The design of structure was based upon welding of all 
members since this eliminated the necessity for overlay 
ping any of the framing members, resulting in a saving | 
weight of all overlapping joints and rivet heads which ar 
found in riveted structures. Another reason for weldin; 


was that stress could be transferred from one member t 
another in a more direct line, thereby eliminating tl 
necessity of heavier sections to reduce concentrate 
stresses that resulted from indirect transfer of stress. 
rhe general design of a test truss is shown in Fig 
his frame is designed for a car articulated at one e1 
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Fig. 3—Arrangement of Frame for Test 








and with a pivot truck at the opposite end. The truss, 
as actually built for test purposes, did not have the over 
hang at the rear end, as this was unnecessary in the in 
vestigation. The truss structure itself was formed be- 
tween the top and bottom chord members, consisting of 
a side plate and side sill. These two members are both 
‘Z”’ shape, continuous the length of the frame. Posts are 
channel-shaped members extending from side sill to side 
plate. Diagonal members, both tension and compres 
sion, are channels with re-entrant flanges. The design 
of the structure utilizes the posts and braces together 
with top and bottom chords as the load-carrying mem 
bers. All of the main members of the structure are 3 
inches deep, and the gage of the steel varies, depending 
upon the load imposed on the individual members 

The sheathing for this frame can be made of either 
stainless steel or low-alloy steel. In the cars, thus far 
built, stainless steel has been used. The sheathing is 
made on a drawbench and is used in strips full length of 
the car, both above and below the windows with pressed 
panels in the window piers. The sheathing runs hori 
zontal and is fastened to the auxiliary members of the 
truss with bolts, having lock nuts secured to the framing 
members. The design and application of the mouldings 
will permit any one piece being removed and replaced 
without disturbing other sections or the inside finish of 
the car 

PRELIMINARY TESTS 


Before actually making a truss side frame, experi 


Fig. 4—Jig for Welding Side Frame 


ARC WELDING RAILROAD CARS 





nection to be used 
Sample joints were made up and tested by pulling in a 


mental work was done on the type of cor 


tension machine. The type of sample used is shown in 
Fig. 2. All of the joints failed well outside of the weld, 
showing that the welded joint was capable of carrying 
the full load of the tension member and would have at 
least an equal value in compression 

In order to check the ability of this type of frame to 
withstand vertical impact loads, a sample frame was 
made of shaped members and gussets entirely of low 
alloy steel and completely arc welded into the structure 
as shown in Fig. 3. 


his frame was then mounted, as; pr shown in sketch, 


so that a measured weight suspen de d above one corner of 
the frame, could, in falling free, strike a blow on this 
corner. After each blow the frame was carefully in 


spected for any deformation of members or any failure 
of weld-metal 


Deformation finally occurred at the point marked 


‘*A,”’ the vertical member buckling as shown by the 
dotted lines 
The table below lists the blows given the frame and 


their effects. Atnotime was there any failure of weld 
metal in the frame 


Blow Weigh Height Change in Frames 
No W H After Blow 
l 75 Ib No 
} 210 
5 10 
‘ 10 
‘ 210 R 
w 10) 
Q 2710 
’ 10 
145 
lz $45 
Blow Weight Height 
No M H ( ins i Frame After Blow 
13 $45 lb 2 it -1 1) ition at \ 
14 t4F 2 t It ed Deformation at \ 
? 14F : { l 1 Deformatio { \ 


From the evidence of this test, welds on low-alloy 
steel structures were shown capable of withstanding as 
much shock as the shaped members if tl 
tions of each are observed 


he correct propor 





Fig. 5—Side Frame Set-Up for Test Purposes 








Fig. 6—Failure of Side Frame After Test 


EXPERIMENTAL SIDE FRAME 


Following the preliminary tests, a special jig was built 
and members of the truss assembled and welded in this 
jig. A view of this jig is given in Fig. 4 (a description of 
which will be given later). 

Before any welding was done, extensometers were 
placed on various members to determine whether any 
residual stresses would be left in the members due to the 
welding. When side frame members were laid out and 
fitted, prior to welding, all intersections of main members 
center lines were punch marked to check the shape of the 
structure throughout manufacture. Measurements were 
taken of the punch marks and checked from time to time 
as welding progressed. It was found that both distortion 
and residual stresses, due to welding, were negligible. 

Following the assembly, the frame was set up for test 
purposes, as shown in Fig. 5. It was supported on two 
pedestals which were anchored to concrete bases. These 
pedestals supported the side frame in a manner similar 
to the support it would obtain at an articulated end sill 
and body bolster of car. To obtain horizontal stability, 
the frame was tied to the wall of the test building at each 
point at the side sill where a cross-bearer or floor pan 
would be located, and at side plate to each point where 
carline would be located. Each of these horizontal sup 
porting members were hinged to permit deflection of the 
side frame under load without influencing it in any way. 
A platform extending the full length of the side frame was 
suspended under the frame from brackets welded to the 
side sill at the points where cross members of the com 
pleted car would be located. The test load of pig iron, 
each pig of which was weighed and stenciled with its 
exact weight, was placed on the platform as required by 
the tests. 

After the frame was set up preparatory for the tests, 
two piano wires were stretched, one along the side sill 
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and one along the side plate, to measure vertical 
horizontal deflections, due to the test loading. Ext 

someters were applied to a number of the more import 

load-carrying members to check the stresses. The me 

bers on which the extensometers were applied w 
those which, according to the calculations, were high 

stressed. The weight of the platforms supporting 1 
load was equal to 25% of the static load on the side frat 

This load remained on the frame during all of the test 
Subsequent loads and tests were applied in increment 
and the extensometer and deflection readings were tal 

between each increment of load in both loading and u 
loading in the following tests 


l Initial loading to 125% in 25% increments and unload 
25% im same increments 

2. Load individual panels up to 125% in 25% increments 
unload to 25% in same mcrements 

53. Overload test—Load up to 200% by 25% increments uy 
150%, then two increments of 15% and two of 10% and unload 1 
100% in same increments 

+. Overload test to breakdown—Starting with 100% load 
frame, load applied to 200% load by two 25% increments, tw 
15% increments, and two 10% increments. After this, load vy 
increased by 10% increments to failure of the frame 


At 210% load in the final tests, diagonal No. 57, 
compression member, showed signs of twisting 
220% load, this member twisted badly. When at 225‘ 


load, diagonal No. 61 failed in compression by buckling 


and resulted in other members of the truss at this end « 





the frame twisting and distorting. Prior to the failur 
of diagonal No. 61, it was noted that one or two of th: 


tension members, such as No. 4 were stressed slightly be 
yond the yield point of the material. . 

The condition of the side frame at the conclusion of t 
tests is shown in Fig. 6, which illustrates the failure of tl 
various members. The deflection of the frame und 
various loads is shown on curve in Fig. 7 for tl 
side sill. 

As mentioned previously, the frame was designed t 
stress the various members up to a safe working str 
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Fig. 7—Experimental Side Frame—Side Sill Deflections. Note: 0 
Represents Dead Load of Side Frame Only 
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the intention of checking closely the relation be 


t actual stresses and calculated stresses. The point 

tant vhich the frame started to fail indicated clearly that 

e1 actual strength of the frame corresponded very 

ve ely to the calculations, and is more than twice as 

hest ng as required by the maximum load that it will ever 

t e to carry 

nt TYPE OF TRUSS 

ke 

ul igure S(a@) shows an ordinary standard form of Pratt 
ss. This standard form cannot be used for a car side, 
it is necessary to have open space for windows. Thx 

ad gonals would interfere. Figure 8()) shows a standard 

K’’ truss that can be easily adopted for window ope1 
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(a) Standard Pratt Truss 
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e) Type of Truss vsedin 
Sides of Coaches with Wide 


Windows &€ Narrow Piers 


Fig. 8—Types of Trusses 


ngs as shown in Fig. 8(c) and S(d Figure 9 shows a se 

ion of side of this construction. For extra wide wit 

lows, it is necessary to modify the ‘‘K’’-truss to obtair 
the proper clearance. Sketch S(e) shows the type of 
truss used when large windows and narrow piers occur 
together. This design is actually a truss above and bx 

low the window openings. Figure 10 shows a car of this 
construction 
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WELDING JIG 


. Figure 4 shows the side assembled in the welding jig 
Chis jig holds the side in a horizontal position. Th« 
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Fig 9—Section f Side Cons 





surtace of the jig is level lhe outside of the side fram« 
is assembled in the dow position, that is, against the 
face of the jig, so that it will be in alignment to take the 
sutside sheathing 

Gussets are welded to th ertical post ub-a 
sembly In this side jig, the diagonal members ar 
welded to the gussets, and all other weldi is com 
pleted. Practically all of the welding is fillet weld 
due to the desig ot the connecti Ler s-sectu ola 
framing member showing attachment t ussets is show! 
in Fig With this design of necti there ul 
even distribution of stre from member to membet 
through the gusset his is especially valuable in a 
compressi member he load carried primarily b 
the cormers Che load j nicel ransterred fron the 
gusset to the corners of the member thr the fillet 
welds which join the two together 

Another advantage of a gusset ec ect { ype 
is that by its use all welding important sts nember 
can be made longitudinal to the mber ry} elim 
nates stress concentratior na re lual stre es due t 
transverse welds 

The fits for weldi gare § l il f the di 
the connectio1 The t p ice lded first, the the 
whole side is turned over for welding of the reverse sid 
\ll members are held in the jig by a special clamp which 
holds them in alignment and firmly against the e ol 
the jig his clamp uses a wedg: r fasten ind cat 
be seen in Fig. 4 

UNDERFRAME 

Che underframe of the car tirel {f arc-welded 

constructio! The center 1] posed of two Z 





Fig 


10—Showing Side Constructi 


ARC WELDING RAILROAD CARS 





Fig. 12—Union Melt Machine Welding Center Sill Fig. 13—Underframe and Roof Construction Fig. 14—Completed End 





~~~ 





Fig. 11—Cross Section of Post or Diagonal Showing Method of Welding 
to Gussets 


sections welded together to form a flanged channel. The 
top flanges of the Z’s are butt-welded together by the 
Union Melt process as shown in Fig. 12. All cross mem- 
bers are fabricated from plate sheared to size and arc 
welded together. Sides are joined to the underframe 
by are welding. Figure 13 of the interior of the car 
shows the construction of the underframe 


ROOF 


The roof for this car is completely spot-welded. Fig 
ure 13 also shows the construction of the roof. The first 
step in the construction of the roof is to weld the stiffen- 
ers to the individual sheets. The carlines and sheets are 
then fitted on to a welding jig the full length of the car, 
and then spot-welded together into an integral unit.* 


ENDS 


The ends of the car are made of stainless steel sheet 
spot-welded to the framing members. This spot-weld 


* For further details on roof see June 1938 issue of Tak Wetptnc JouRNAL 
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Figs. 15 and 16—Views of Completed Car 





ing is done in sub-assembly on a stationary machine. A 
view of the completed end is shown in Fig. 15. 


COMPLETED CAR 


Figures 15 and 16 show views of the completed cars. 
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WELDING AS APPLIED 


By F. R. MASON? 





to Fabrication of Industrial Stokers 


HE scope of this paper is limited to the welding 

which is done within the confines of our Detroit 

Plant in fabricating the different types of stokers 
which we manufacture. It has been our experience, that 
with the equipment and set-up we have here, we can 
fabricate certain parts of our stokers much cheaper by 
welding than by bolting, riveting or casting these parts 
Welding permits of great savings in weight, layout costs 
und assembly time, over riveted, or bolted construction. 
On special heavy parts, which might be cast, but where 
there will be but one or two parts made, the use of 
structural shapes welded together permits of savings in 
pattern and core costs, and many pounds in weight 

At our plant the welding is done in two separate de 
partments, that is, there isa Welding Department proper, 
and another small group of welders in the Assembly De 
partment. 

In the Welding Department is done all the welding 
required in fabricating the lower and upper housings for 
our pulverizers, built-up gear blanks and cranks for our 
mechanical drives, heavy and special steel side beams 
for long stokers, motor pedestals, and light and heavy 
bases and supports for our feeders to mount on 

The welding equipment used in this department is 
2—300 amps. A.C.-D.C. welders for set-up and bench 
work, 2—400 amps. A.C.-D.C. machines, and 1—500 
amps. A.C.-A.C. machine on production. This equipment 
gives us a flexibility within the department, permitting 
us to handle medium and heavy work without overtax 
ing the capacities of our machines 

The welders in the assembly department take care of 
the welding of ducts, large and small, hoppers of all 
sizes, gear housings, tanks for our hydraulic drives and 
flue gas scrubbers, breechings, feeder brackets for special 
mountings, air boxes, damper frames, fabricated girders 
and structural supports for chain grate stokers and flue 
gas scrubbers, coal agitators, retort and side bar supports 
for our multiple retort stokers, and other miscellaneous 


parts. The equipment in the Assembly Department 
normally consists of 2—300 amps. A.C.—D.C. machines 
and 1—300 amps. A.C.-D.C. machine The work in 


general is of light and medium weight and when heavy 
work must be taken care of, the facilities of the Welding 
Department are drawn upon. 

In the interest of clarity, a general description of the 
types of stokers we fabricate will be given together with 
the welding done in connection with them 

Our chain grate stokers, in plan, are rectangular in 
shape, the length and width varying to suit the operating 
space conditions. The moving grate surface is supported 
on structural cross members to which connections are 
welded for bolting to the all-welded side girders. The 
rear cross member which takes the thrust from the mov 
ing grates is a built up rigid girder, continuously and 
intermittently welded as the details require. The side 


Detroit Mich 


* Paper to be presented at Annual Meeting, A. W 
Oct. 16 to 21, 1938 
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ut for air box 
connections to the various zones, with top and bottom 
chords of either angles or plates welded to the web plat 

All stiffening plates are welded to the web, as well as are 
any intermediate connection plat [he supports for the 
drive transmission are also of welded construction as the 
heights and other dimensions vary to suit the installation 
A large welded steel hopper supplies coal to the grate 
surface. 


, ; 
pirders are made up la Ww I Li cu 


Our multiple retort stokers are in general batteries of 
rams, connected together in a line which deliver coal 
through retorts, down over a sloping, reciprocating grate 
Suriace Che retort botton and in some cases the side 


bars which carry the 
built up steel members welded to suit the detail require 
ments. Below and connected to these welded supports 
are the damper sections fitted with welded attachments 
and connections. The coal upplied to the rams from 


grate suriace, are supported on 


a large hopper extending the entire width of the stoker 
The hopper, and its support ire built of plates and 
angles welded dust tight. In order to keep the coal mov 
ing freely agitators of steel parfs welded together, are 
fitted into the hoppers 

On our underfeed stokers the grate surface, and the re 
torts, are carried on side beams which are generally cast, 
but in cases where extreme lengt] necessary or a set 
of special side beams is required, these are built of steel 
shapes welded together Che rat as in the case of the 
multiple retort stoker are fed by welded steels hoppers 
mounted on the ram cas¢ The dampers which control 
the draft are made of steel plates with all the necessary 
connections welded to them Che drives for these 
stokers contain many welded parts such as built-up 
gears, gear housings, crank shaft pressure tight steel 
tanks for the hydraulic drives and chain or belt guards 

Our pulverizers, or Atrita ir eneral rectangular 
box shaped housings, with semi-circular shaped covers, 
which enclose a rotor disk equipped with grinding pegs, 
mounted on a shatt which upported by bearings at 
each end Chis rotor re lve it a last rate ol speed 


and reduces the coal to a fine powder hus, itis readily 
appreciated that the housings must be heavy plate, 
properly welded for strength and dust tightness Phe 
close clearances required in the housings necessitate the 
use of spacers of such lengths that aiter the welds are 
made, the shrinkages will not draw the plates too close 
together [The bearings on the rotor shafts rest on 
pedestals made of reinforced steel construction, welded 
complete, and then continuously welded to the housings 
The coal feeders, which supply the pulverizers, are 
mounted on welded steel supports which also are welded 
to the housings. The housings are built in seven differ 
ent sizes ranging in weight from a few hundred pounds 
to four and one half tons each In case where the 
feeders are not attached to the pulverizers, welded steel 
bases are used to mount them on Che coal in powder 
form is blown through steel pipes, welded into the shapes 
required by the installation, to the burners, where it is 





mixed with air to form a highly combustible mixture. 
[he burners are box-shaped steel housings which are 
made of plates and angles welded dust tight. Many small 
parts in the damper controls are welded since they are 
generally special. 

All the air ducts and breechings are of plate and angle 
construction, welded gas tight at all seams and connec 
tions, since they are usually under either forced or in 
duced draft. 

Che tanks for our Flue Gas Scrubbers must be welded 
water-tight throughout. These tanks are made of steel 
plates, reinforced by I-beams at the bottoms, and built-up 
structural buckstays at the sides. These tanks are sup 
ported on structural columns, to which the base plates 
and connection angles are welded. The ducts which 





carry the gases to and from the scrubber are genera 
very large and are made of steel plates and angles « 
tinuously welded at all joints and seams for gas tightn« 

We have also carried out some experiments to det 
mine pr vccedures to be used in the field for welding 
bearings and clamps to pressure parts in boilers, wher 
they are exposed to wate! lancing and corrosive gases 

It is evident from the foregoing descriptions that wel 
ing is used to a very great extent in the fabrication 
every type of stoker we make. The use of welding 
advanced rapidly since its inception at our plant and | 
consultation with welding engineers, new applicatio 
for it are constantly being found, as our designs chang 
to meet new conditions and developments in the 
burning field. 
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ARC WELDING AS INFLUENCED BY 





Shop Preparation, Tools, 


By M. S. EVANS' 


O PROPERLY discuss this subject, as applying to 

use of the welding art in railway equipment construc 

tion, one must, we believe, recognize the importance 
of three (3) major factors, inherent to amy structure in 
volving arc welding. These three (3) factors 
allied, as to be practically inseparable, may be defined as 
(a) Production, (b) Costs and (c) Workmanship. 

Production—Deliveries affected—customers pleased or 
dissatisfied. 

Welding Costs—Labor, material, operating power—of 
utmost importance. 

Workmanship—Although at times controlled by pro 
duction and costs, but at the same time influential of 
both, certainly casts its reflection on the character of the 
finished product. 

Consequently, careful attention to all three is essential. 

Che matter of welded structure production should prob 
ably be analyzed comparatively. To the gentleman 


SO cl yselv 
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Fig. l—Mine Car Underframe Welding Jig 
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Jigs and Fixtures 
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Fig. 2—3-Piece Hopper Sheet Assembly 


who has grown up with the rivet, and who knows its 
volved problems—a difficult process is unfolded—to th 
welding minded individual, the matter becomes one dé 
manding careful analysis, planning and control. To th 
one is presented a revolutionary development—the other 
sees a process, purely evolutionary. Experience of th« 
combined with the knowledge and initiative of th 
other, is desirable—necessary, in fact, otherwise produ 
tive results are unsatisfactory. 

Briefly, without regard for operator's fatigue, a !/-inch 
horizontal lap weld can be made for $0.0281 per foot, wit! 


wire costing $0.095 per pound and with labor paid $0.; 


one 
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Fig. 3—Positioner for Welding Container Hopper 


unit ol 


eT hour.’ However when considered on a 
veight basis—and we believe this to be the proper base, 


h weld has cost $0.203 for each pou nd of metal deposited, 


while of this cost, the labor involved, represents 38 per 
ent. Reduce the operator’s efficiency, and this per 
centage increases. Hence, the need for careful control 


Look at it from another angle! The designer has speci 
fied a certain amount (minimum) of weld-metal, neces 
sary to resist the imposed stresses. Weight of specified 
weld-metal is easily calculated. Cost estimates, labor 
nd material, are prepared on the assumption that weld 
metal will be applied as directed by drawings. Now 
f more is applied than specifications direct—waste ré 
ults, costs get out of line. If less is applied, strength 
simpaired. It isa vicious cycle. 

As regards workmanship! Here we have the physical, 
is well as the material side of the picture to consider 
Presumably the welder is a capable workman, well 
trained and industrious, but, is the quality and char 
icter of the item presented to him for fabrication, suitable 
in all respects? Can he be expected to produce good 
workmanship, and meet estimated costs, if handicapped 
by improperly prepared and assembled material? Will 
his product be satisfactory, economically or otherwise, 
if the tools or jigs, or other fixtures with which he must 
work, are inadequate for the purpose intended? 

A production welder (personal) is certainly akin to a 
mechanical device or machine. Efficient output de 
mands that he be in operation—on productive work. He 
cannot, without cost to his employer, be shut down—be 
it for lack of material—trepairs or what not. Is it 
logical, therefore, to state, that preparatory measures 
those measures necessary to keep him in operation—art 
of vital importance? 

The development of the arc-welding art has demonstra 
ted need for careful consideration of many associated, and 
influential factors, a few of which may be listed as fol 
lows: 


not 


|. Preparation of material. 
2. Fitting of associated parts at points to be welded 
3. Accessibility (to operator) of points or parts to be 
welded. 
t. Position of work—as it must, or can, be welded 
5. Expansion, contraction and distortion 
set-up by the welding operation. 


stresses 


fo meet up with such conditions, we must supply 
idequate facilities in the way of necessary equipment 
jigs, tools and fixtures. Furthermore, we must prepare 
material—later to be fabricated—in consistently 
factory manner. 


Sits 
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JIGS AND FIXTURES 





It is a generally recognized 
est be done—all factors considered—in down-hand 

Therefore, in designing jigs and/or fixtures one 
should endeavor to make such positioning possible 
though it may be rporate in the jigs, a 
means for rotating same with structure assembled thereon. 


hat arc welding 


position. 
, even 


necessary to 1m 


Railway rolling stock—-today, as in the past—is an 
assembled unit of ‘“‘subassembled’’ part Present-day 
trend toward welded cars dor t prohibit—rather, if 
proper fixtures are provided hould simplify subas 
semblies. Bear in mind, t that with welded type of 


the old time advantage of the 
can be reamed to fit, is not present. Cor 


construction, which 


equently, con 


hie |e . 


sistent quality of work from subassembly jigs is essential 
The problem is not so difficult, it lution need not 
be unduly expensive 
Five examples of jig construction for welding use are 


given on sketches (shown herewit] 1 will be described 


as fc Tle WS 


Figure 1, a positioning device, ha erated, designed 
to accommodate, for position welding in assembled 
mine car underframe Che frame has been assembled 
and tack-welded elsewhere than on this positioner 

Figure 2, an assembly jig for tack welding cement cor 
tainer inside hopper previous to finish welding 


Figure 3, a rotating (by hand) and positioning jig for 


use in the assembly of inside hopper in air-activated 
cement container 

Figure 4, a rather ingeneous hat device for 
rotating a tank (a cement container) by the operator 


who must work inside the tank 
Figure 5, a fixture designed to permit the automat 
arc welding of stakes to hopper car side Phis jig is a 
combination fitting and welding fnit, so arranged that 
no preliminary tack welding is 1 
In passing, one should not fail to mention the im 
portance that machine tool manufacturers, in 
are now giving such matters ial holders, 
called adjustabl 
any position, and designed to accommodate 
tures, are now being marketed to the trad 
Application of weld-metal is accomplished by 
severe heat. Heated metals expand, sometimes 
in peculiar fashion. Jig construction must, therefore, take 
all such associated factors into c [It may be 
necessary to provide abnormally heavy structural sup 
ports, at certain points, if distortion is to be prevented 
experience will dictate the location. Rigidity is an im 
portant characteristic, while accessibility is always essen 
tial 
However, there is another factor, an 
jigs and fixtures should not be « 


pe neral, 
or fixtures 
to practically 

heavy struc 


ope ( 


‘*Positioners’ by some, 


heat 
usually, 


ynsideration 


important factor 
sidered or intended 
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Fig. 4—Container Tank Rotation for Inside Welding 
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Fig. 5—Jig for Automatic Welding of Side of Hopper Car 


to be a device for correcting faulty preparation. Stresses 
generated by welding heat cause trouble enough. Stresses 
imposed upon individual pieces, using pressures unwisely 
exerted by jigs for the purpose, are quite likely to cause 
difficulty elsewhere in the finished structure. 

Proper preparation of materials 
mentioned this—is of vi/al importance. Badly fitted 
joints require additional weld-metal—increased cost 
We have seen, in recent weeks, on a certain Hopper Car 
construction, a reduction of 40 pounds of welding wire 
per car, from that previously used on the same car—this 
reduction attributable 100 per cent to elimination of bad 
fits at welded joints. If we accept the figures given earlier 
herein, as being representative of actual cost, a saving 
of over $8.00 per car has been returned. In reality, it 
is much more. 

Welding of badly fitted joints imposes application of 
excessive heat——possible distortion enters the picture 
general appearance of finished product is affected, all to 


and we have already 


say nothing of locked in stresses possibly imposed throu 
jig action on assembly. Furthermore, shrinkage cra 
particularly when welding light to heavy members, 
not unusual. Such situations need not be 
should not be countenanced. 

Briefly summarizing—in production arc weldins 
costs, productive output and workmanship, are /ar 
influenced by Shop Preparation of materials, Tools 
and Fixtures 

Shop preparation demands careful attention to 
volved details and proper application of existent facilitic 
Quite often old methods must be revised, old ideas 
placed by new. Errors, influencing weld assembly a 
fabrication, are usually difficult, ofttimes impossibl 
rectification. Proper, and consistent quality, of prepar 
material eliminates this difficulty. 

Jig and fixture design must be influenced by structu 
and physical requirements, and more particularly, 
need for economical application of weld-metal, in mant 
prescribed, giving, at the same time, due considerati 
to the convenience of application of 
operator. 


acceptt 


said metal by t 
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FLASH WELDING OF RAILS 


By H. C. DRAKE?! 





















N 1937 more than 6600 tons of 131-lb. steel rails were 
welded by the flash butt-welding process. The weld 
ing equipment used in the fabrication of these long 

rails on the Delaware & Hudson Railroad has been de 

ribed in various publications.' This discussion will 
indicate some of the problems involved in the develop 
ment of a satisfactory flash-welding technique for high 
carbon large section rails. 

he rail flash-welding equipment consists of a welding 

ur housing a specially constructed flash welder, a gen 
erating car containing two turbo-generators for supplying 
current to the welder and its accessories, a steam loco 
motive for supplying steam to the turbines, a rack car 

which the rails are lined and prepared for welding, a 

series of flat cars on which the stress-relieving and grind 


y 
* Paper to be presented at Annual Meetings A. W Detroit 


Director of Research, Sperry Products, Inc., Hoboke N. J 


Fig. l—Welding Equipment 

























Fig. 3—Fatigue Testing Machine 
’ 

ing equipment is located and eri f additional oper 
end, gondola cars, or suitable storage racks, for holdings 
the long rails as they come from the welder Che maxi 
mum production rate of the welder | i welds per hour 

The photographs of the weld equipment, Fi 
show the relative position of the rious unit Figure 
2 illustrates the manner in which the OO-ft. 1 ths ol 
rail are stored as they come from the weldet 

Before initiating the d r « tructior 
welder, it was necessary to deter e whether large sec 
tion high-carbon steel rail uld be successfully welded 
on a production basi Welded rail in track is treated the 
same as continuous rail wit! ern as to whether 
the weld is located on or between the ti whereas the 
splice bars of standard rail } ts are securely anchored 
by cut or screw spikes It ew of these facts and 
ibsence of other criteria of nt stre t! it was decided 
that the welded joint must be mparable to the rail 
steel as regards hardness, te le sti th, impact ulus 






ind resistance to latigue 







FATIGUE TESTS 










found in the rails of the Amet n Railway Ches« 
fissures were tatigue failures having as their nuclei some 
minute shatter crack in the rail head. It was feared that 
the welded joints might contai1 mk cide or slag i 
clusion that would act as the nucleus for similar fatigue 
failures and would result in an epidemic of broken weld 






itl service 

A fatigue test of full secti weld 
fore, of major importance, and a rolling wheel load ma 
chine for this purpose wa bor r 






























ai. s OOSRS CSSES ONSS BE SSS SSSEs Seses ase oe ones 
al | } | 
u 90 ; } 
OTT Sr Pere a Titties] 
ie 
Zz) | +++ AREA (OF FRACTURE! . 
- ie, : Ocoee Seees eee eeees Sees Suees tenes sseus semns sense > 
? t — 
bg =| 
a i x 
we gpanes aneem ee SS ee ee ee ee ee ———4 
2 = 
Lal | | } | } 
a | 2 RSSSS SUOSS SSSSE SHVSS CURES CSSSS Seas eases seas Seeesl am ya 
if | =] 
wa } mt | 
4 | | 4 
is oo } +. osaeaee | 584 
on “) 
Zz | z 
; | a 
yp — 424 - io 2Geee Beeee seeee ) awe Pet +——+-—— Aa 
“ La 
si tod adinde batecie decide bekeate Se ty 
Ap 2 SESS CORRS ROSEY SEN SERS SESRE A Ss 
| | | =a 
od } se 
= ri 
Ses | Seees Saeed Seuas seaee sanes seues st | poe 
o } ; ; i 
a } } } E| 
m geen oo es oon 
7 | t t t { t j 
: , ; , ; t t j 
2 Pott i I if pot 
| I Litt 1 I | Lijit | Tit 
£ ett 1 See) See) See) See Ree eee 
; + ; } } t | t t 
1+ | oe ; ; + 
G5 SROEs cease eRes OF) WHERL {LOAD IM MILLIDNS | 001} tt 
I I I I i I I 


Fig. 4—Rolling Wheel Load Test Weld No. 4 


his rolling load machine, Fig. 3, was developed at the 
University of Illinois as a means for producing fatigue 
failures in full section steel rails.*. The rail is mounted in 
the machine as a cantilever with the weld line 1'/» inch 
from the support. The wheel is loaded to 65,000 Ib 
by means of a jack and spring at the end of the beam, 
and the rail is then passed back and forth under the 
wheel, 60 cycles per minute, by means of the motor 
driven crank arm. This subjects the rail and weld not 
only to bending moment but also to all of the various 
complex stresses incident to heavy wheel loads. 

Welds placed on test are inspected daily for incipient 
cracks by the drop-of-potential test. A current of 2000 





amperes is passed through the rail and unit potentia| 
readings are taken along the rail head through the weld 
zone (see Fig. 4). In Fig. 5 is shown a longitudinal 
tion through the rail head of a resistance-butt we! 
joint, disclosing an internal fatigue crack develope 
157,000 cycles of the 65,000 lb. wheel load. The cr 
was detected and its progress followed by the dro; 
potential test. This internal fatigue crack is typical 
those failures developing from oxides or slag inclus 

In the course of two and a half years’ continuous opera 
tion of the rolling load machine all available types 
welds were tested as well as a large number of flash we! 

Che table of flash weld rolling load tests, Fig. 6, illus 
trates the manner in which this fatigue test was used 
to evaluate changes in welding or stress-relieving pr 
cedure. The first weld was given no stress relieving 
the flash was only removed from the top of the rail head 
Fracture started in this rail at 583,800 cycles and con 
plete fracture occurred at 617,000. This fracture, | 
7 and 8, was a fatigue failure starting in the fillet wu 





Fig. 5—Longitudinal Section Through Rail Head Disclosing an Interna 
Fatigue Crack 
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WELD POST TREATMENT MILLIONS OF CYCLES REMARKS 
‘ 2 3 
Oo SE — Rae ‘* 
1. NO TREATMENT | FLASH REMOVED FROW 
| TOP OF HEAD ONLY 
—_—— - - ee . omens i a SN LS 
| | 
2. : Se ee ee ee 
= = = =a TS FRACTURED | ee ee 
3 " 
4 HEAT TO {200°F.IN 7.5 MINUTES, in i. rT - 
COOL IN STILL AIR HEATING NOT UNIFORM. 
5 HEAT TO 1t250°F. IN-' 8& MINUTES, y NO SIGN OF ‘FAILURE . 
OVEN COOL 30 MINUTES. TEST DISCONTINUED 
. HEAT TO 1250°F. IN 8 MINUTES, a ; a 
COOL IN STILL AIR "i 
7 COOL WELD 3 MINS. THEN HEAT TO SEAM —+ id da 
1250°F IN 3 MINS., HOOD COOL 20 MINS 
8 i " 
9 ; FLASH NOT REMOVED 
+ FROM UNDER RAIL HEAD | 
7 — —_— —> FRACTURED —+——__+_ —_————— 
‘ HIGH SPEED WELD, 
" | | | | 
| TOTAL TIME S50 SECS. | 
FLASH WELD ROLLING LOAD TESTS. 
WHEEL LOAD 65,000 LBS.,.RAIL MOVEMENT 7 INS. 
Fig. 6 
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Fig. 7—Fatigue Fracture Under Head of Rail 


the head of the rail. Welds Nos. 2 and 3 were given no 
stress relieving, but all of the flash was removed from 
se welds, except along the web and upper part of the 
se. These welds broke at about 750,000 cycles. 
STRESS RELIEVING 

of the available literature on flash welding high 
irbon steel emphasizes the importance of carefully stress 
relieving the welded joint. In Europe, where rail steel is 
carbon as compared with 0.7 carbon in this country, 
the flash-welded rail joints are heated in an oil-fired 
urnace up to 700° C. in 10 minutes. In the followings 
20 minutes they are gradully brought up to 800° C. and 
then slow-cooled by various methods for the next 60 
inutes Weld production had been tentatively set 
at 17 joints per hour, or a weld every 3'/2 minutes. It 
was evident that the stress-relieving technique must bi 
1 compromise, due to the high rate of weld productio 
methods of rail handling and other practical considera 
\s a first attempt at stress relieving, sample No. 4 
was heated to 1200° F. in an interval of 7'/. minutes, and 
m was then cooled in still air. Although the heating of 


iis sample was not uniform, it nevertheless withstood 
ne million cycles of the 65,000-lb. wheel load befor 
fracture started, the final failure occurring at 1,634,400 
The rate of the growth of this fracture is illus 
trated in Fig. 4 

Sample No. 5 was heated to 1250° F. i 
then slow-cooled in an oven for 30 minutes 
was removed from the rolling load test at 
cycles, with no sign of failure 


cycies 


S minutes an 
This weld 
3,000,300 


Sample No. 6, heated to 1250° F. in 8 minutes, and 
cooled in air, ran 4,720,900 cycles, and was then r 
moved from test, with no sign of failure 

rhe stress-relieving procedure which was _ finally 


pted as standard practice, consists of three phases 


When the weld is completed, it is immediately r 








Fig. 8Fatigue Fracture Started in the Fillet Under Head of Rail 
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moved from the welder and allowed to cool in air for 
3'/» minutes. This cooling allows the heat to work back 
from the weld line into the rail and tends to give a more 
uniform heat distribution arou Id zone. During 
this cooling cycle, the inspector checks the alignment of 
the top and sides of the head and the rail base 
A careful visual inspection of th made at 
this time. 

2. Following the 3'/. minute cooling interval, the 
weld is moved into an oil-fired furnace and brought up 
to 1250° F.1n 3 minutes, the temperature being controlled 
by a recording pyrometer 

3. When this heating cycle has been completed, the 
weld is removed from the furnace and covered by a1 


asbestos hood which allows the rail to cool to approxi 
mately 600° F. in 20 minutes, at which time the hood 
is removed and the weld cools down t rmal tempera 


ture 1n air 


























The above standard stress-relieving treatment wa 
given to samples Nos. 7 to 10, inclusive Welds Nos. 7 
and S were subjected to 3,000,000 cycles with the rail 
mounted as a cantilever and the vere given an addi 
tional three million cycles with the rail mounted as a 
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simple beam \t the completion of these tests, the weld 


gave no evidence of inci 


was then cut up and etched | ng 1 soul 


geneous weld 
Che ridge of fi 


1 ' : 
asn, or upset meta il Ind the we 


extremely hard and its ren u me and 
pense \ series of rolling load tests were made to detet 
mine how much of the flash should be 1. Sampl 
No. 9 was placed on test without removing the fla 
from under the rail head \ Of les ft ve 


cy 


—— , 
(2 aay es 
eo aa a> Yes 








Fig. 10—Central Longitudinal Section Through the Weld—Etchant Hydrochloric Acid 





just 
developed a small fatigue crack starting at fillet under the ten 
head. As the result of this series of tests, specifications rar 
called for the removal of all of the flash except on the pre 
web and the upper side of the base. The flash under the 
rail base is removed immediately after welding, by 
means of a shear attached to the platen of the welder. 
The flash around the head and outer edges of the base is 
removed by grinders designed for the purpose. 

Various phases of the welding cycle were examined to Fi 
determine their bearing on weld quality. Sample No. 10, lov 
Fig. 6, shows the result of insufficient welding time. This ab 
specimen was welded in 50 seconds; it failed at 738,800 Re 
cycles. Slow flashing, or a momentary interruption of sp 
the flashing immediately preceding push up, also results th 

Tr 
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Fig. 11(a)—1 X Macrostructure of Microspecimen Etchant Pig. 1G) ities aa eee of Heat-Affected Zone t 
Hydrochloric Acid Plus Sulphuric Acid R 

\ 





Fig. 11(6)—Micro No. 1—100 X. Structure of As-Rolled Steel 


Fig. 11(d)—Micro No. 3—100 X. Structure at the Weld Line 
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Fig. 12—Section Showing Pipe in Rail 


. weld of inferior quality. This has been explained by 
he theory that in flash welding the atmosphere is ex 


cluded by the gas pressure due to the rapid flashing and 


us no oxide can form unless the flashing is interrupted 
just prior to push up.* The final welding cycle consisted 

a 90-second preheating, accomplished by intermit 
tent flashing of the rail ends, followed by 15 seconds of 
rapid flashing and a quick push up, the final push up 
pressure being 10,000 Ib. per sq. in. 


PHYSICAL PROPERTIES 


Data on the physical properties of the welds is given in 
Fig. 9. Hardness values taken at a section '/s inch be 
low the surface of the head show a maximum increase of 
ibout 7 points Rockwell at the narrow welded zone. 
Readings taken on a longitudinal section show a corre 
sponding increase in hardness at the heat-affected zone in 
the lower section of the rail head. 

Comparative impact tests of the weld-metal and as 
rolled metal show a slightly higher impact value for the 
weld. 

lension tests on the weld-metal and the as-rolled metal 
give practically the same tensile strength and yield point 
Phere is, however, a decrease in per cent elongation and 
reduction of area in the weld-metal. 

The only physical test in the specifications for open 
hearth steel rails at the mill is the drop test.® In the 
case of 130-lb. rail, the test-piece is mounted on supports 
spaced 4 feet apart. A 2000-lb. tup is dropped 22 feet., 
the anvil of the tup striking the rail midway between the 
supports. If the rail breaks, it was a poor rail. If it 
withstands the first blow, it is a good rail. Standard 
drop tests have been made on 17 welded joints in 131-Ib 
carbon steel rail, and only three of these joints broke on 
the first blow. 

A longitudinal section through the weld, Fig. 10, shows 
the weld line and the heat-affected zone. The peculiar 
dark appearance of the heat-affected zone is due to the 





| 


displacement of the steel fibers by the pushup pressure 
This presents the ends of the fibers to the etchant and 
results in a deeper etch 


Microphotographs, Fig were taken of the as-rolled 
metal, the heat-affected zone and the weld lin Chey 
show the gradual change from t normal as-rolled struc 
ture to the fine grain structure of the weld 

In the early operation of the welder, current was in 
troduced into the rail ends by means of copper contacts 
at the head and base It was found that bits of loose 
flash caused high resistance contact on the rail base with 
resulting small burns This difficulty was eliminated by 
insulating the rail base and introducing all of the welding 


| 


current into the rail ends through the head 

In flash welding, as in other types of welding, the qual 
ity of the weld is dependent upon the quality of the par 
ent metal In the last winter a flash weld failed in track 
at —20” F. 


[t was found that one of the rails composing 
the welded joint was a piped A rail. On the final push 


— 


up the faces of the pipe had separated, thus, producing a 
transverse crack approximately inch wide and 2 inches 
long in the web of the rail In Fig. 12 is shown a section 
through the web of the rail, disclosing the pipe and the 


manner in which its faces were flared out in the weld line 
In the future all A rails will be tested for pipes before 
flash welding 

lest data taken on a large number of samples indicates 
that high quality welds are produced by the welding 
technique described lo insure duplication of the cor 
rect welding cycle, the human element has been practi 
cally eliminated by making the welding operation auto 
matic. As additional safeguards to weld quality, per 
manent records are made of the welding voltage, wattage, 
platen movement and the stress-lieving temperature 
for every weld fabricated. These records provide the 
customer with a permanent history of every weld 
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QUALITY AND EFFICIENCY IN 





By G. M. DEMING! 


Oxygen Cutting 


A Discussion Concerning Superior Cutting Technique 
as Related to Machine Cutting 


FUNDAMENTAL REQUIREMENTS 


VEN a novice may readily develop enough skill to 
make some acceptable cuts when an oxyacetylene 
cutting torch is mechanically guided by a motor 

driven device. The optimum performance with the 
minimum cost for labor and gases, however, can only be 
realized when both the fundamental principles and the 
cardinal details of the art of machine cutting are fully 
appreciated. 

One of the basic requirements is that merely moder 
ately good equipment is not to be tolerated. Progress in 
this field has been so rapid that equipment lagging mod 
ern design standards, is usually both uneconomical and 
of decidedly inferior performance. The equipment must 
be of the very best. This means that every item includ- 
ing machine, pressure regulators, hose, torch and tips 
must measure up to certain definite standards. 

A second basic consideration is that all equipment 
should be guarded against abuse, and intelligently main 
tained in efficient working condition. A great deal of 
poor quality work may be traced to careless or ignorant 
abuse of machines, torches and cutting tips. Serious 
impairment or derangement of apparatus is far easier to 
prevent than to cure. Ceaseless vigilance to prevent 
abuse of apparatus will pay ample returns in the quality 
and the economy of the work executed 


SELECTION AND CARE OF EQUIPMENT 


For the novice it is important to understand that the 
technology of oxygen cutting is a highly developed one, 
and that a proper analysis of any given situation is often 
so complex that merely superficial appraisal is seldom 
satisfactory. For instance, there are cutting machines 
available which are specifically adapted to many dif 
ferent types of work. A common fault is to expect or 
even to demand too wide a range of performance for a 
given cutting machine. It is always best, therefore, to 
critically examine the superior performance of a machine 
adapted for some specific production job as compared 
with the performance of any contemplated machine of! 
wider range of performance. 

In the selection of a cutting machine, the following 
features are among the most important 


* Paper to be presented at Annual Meeting, A. W Detroit, Mich 
Oct. 16 to 21, 1938 This paper is to a considerable extent a condensatior 
of material presented in the Chapter on “Oxygen Cutting’ in the new Amer! 
c&n WELDING Society HANDBOOK 

t Engineer, Apparatus Research & Development Dept Air Reduction 
Sales Co., New York Y 


1. The machine should be adapted for the cla 


work contemplated, with a reasonable insistence uy 
flexibility so far as other classes of work are concern 

2. The movements of the machine should be smo 
i.e., the translation of the torch should be steady 
free from any tendency toward jerky movements wit! 
the full speed range of the machine. 

3. The machine and particularly the torch bearing 
portion of the machine should experience no perceptib! 
vibration during the operation of the machine, if a cut 
the most precise type of workmanship is desired. 

t. The torch movements should be precise and 
producible well within the limits of the precision of cut 
ting desired of the machine. That is, there should b: 
‘lost motion”’ or readily distorted movements of the t 
as, for example, might come about if some guide-rail 
rack is unduly exposed to the possibility of injury. 

5. The torch mounting should be sufficiently rigid | 
obviate the possibility of disturbing the position of 
torch during the cutting operation as the result of 
dental but not unreasonably severe disturbance oi 
torch or hose line. 

6. Moving and sliding parts and particularly g 
and racks which are in operation during the cutting pr 
ess should be well isolated or sufficiently protected f1 
the possibility of flying sparks or slag. 

¢. The machine should usually be capable of a w 
range of operating speeds and should preferably be equi; 
ped with some means of roughly indicating the rat« 
traverse of the cutting torch over the work material. 

S. If the machine is of the so-called portable typ: 
should be provided with suitable handles or grips ai 
properly balanced with this end in view. 

9%. ‘There should be as few protruding members or pt 
jecting appurtenances as possible so as to minimize t 
possibilities of the operator disturbing the motion of t 
machine while it is in operation. 

10. The electrical and mechanical features of the n 
chine should be proved to be dependable, and of reas 
able life under normal operating conditions. 

A machine torch must be specifically adapted to 
machine with which it is to be used in that it must be 
the correct length, be fitted with a rack, if such is 1 
quired, or with other special appurtenances. It is al 
necessary that the torch be adapted for the type of g 
contemplated as a fuel gas. In selecting a torch for ma 
chine cutting, care should be exercised to ensure that 
torch is obtained in which the construction is uniform 
rugged. Usually the barrel should be strong enough t 
be dent-proof under rough usage. All wearing part 
such as racks and tip-seating surfaces should be of durabl 
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als. The valves should be such as to be readily 
ined in good condition with minimum trouble and 
e. It should be understood, however, that a true 
al of the quality of a needle valve or an oxygen 
valve must rest largely on experience. Thess 
nt elements of a torch should not be judged super 
[wo valves of the same general type may b« 
different in performance because of vastly dif 
. t standards of manufacturing and design with re 
} to small but very important details 
the case of heavy cutting, even more important than 
matter of substantial torch construction and depend 
valves, is the question of free gas passages. Ex 
vely small oxygen passages not only demand the use 
ich higher oxygen pressures, but in many cases give 
to very objectionable variations in the gas-ratio of 
preheating flames whenever the cutting 
ed or closed. 
he diameter of the smallest restriction in the cutting 
gen passages of a torch should be at least 20% large 
the cutting orifice of the largest cutting tip used 
vith the torch. If there is a marked enlargement be 
tween that restriction and the point at which the oxygen 
enters the tip, it may be preferable for the restriction to 
be as much as 50% larger than the cutting orifice. Thus, 
f the torch is to be used with a tip which has a No. 30 
iriil size cutting orifice (diameter of 0.128 inches) and if 
there is a marked enlargement on the order of !/, inch 
r greater between the cutting valve and the tip, make 
sure that the diameter of all other passages, including 
that of the opening through the cutting valve, 

s inches. 

If it is desired to avoid the slight inconvenience of 
opening the oxygen cutting valve when adjusting the pre 
heating flames, and an appreciable, although a very 
small deviation in flame quality accompanying manipula 
tions of the cutting valve, a ‘‘3-hose’’ torch may be em 
ployed. In this torch the oxygen supply for the cutting 
jet is entirely independent from the oxygen supply for 
the preheating flames. 

Che ‘‘3-hose’’ torch has two more important applica 
tions, however. One of these is that of multiple torch 
operation, and the other is that of affording independent 
metering of the cutting oxygen and of the fuel gases when 
such is required for the purpose of cutting tests or special 
cost analyses. 

Che intelligent choice of a torch will do much to ensure 
satisfactory torch performance, but even with the best of 
torch designs it is essential that in actual use every ef 
lort be made to protect the tip-seating surfaces, the hos« 
gland seats, threaded parts, the teeth of the rack, if any, 
and the valve stems and seats. Particular care should 
be exercised in handling torches when they are not 
mounted on a machine. Such practices as dragging a 
torch by means of the hose lines should be condemned 

Successful machine cutting operations are only possi 
ble when proper care is exercised in the selection and 
maintenance of cutting tips. An important considera 
tion with respect to the selection of cutting tips relates 
to the material of which the tip is constructed. Only 
tips of commercially pure copper are fully practicable for 
ther than occasional service. 

rhe discriminating user of cutting tips will not only in 
sist on tips made of pure copper, but he will also bar any 
cutting tips that are not characterized by accurately 
aligned drillings with smooth walls. Where there is an 
enlarged approach passage to the cutting orifice, it is im 
portant that such a passage provides a smooth entry for 
the oxygen into the cutting orifice. This does not mean 
that the approach drilling or ‘‘relief hole’ should neces 
arily be absolutely concentric with the cutting orifice, 





valve is 


is at least 
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but it does mean that the shoulder created by the inte1 
section of the cutting if the reliet 
hole should be complete, and that in » case should it be 
lificult to insert a 


cutting orifice and re 


orihce with the bottom 


cleani y through both 
lief passag 


[ips are sometimes furnished to the trade which have 
excessive diameters at the discharge ends of the tips. It 
is particularly important in the case of smaller sizes of 
tips with low preheat intensities that the terminal di 
ameter of the tip be not excessive Otherwise, it prove 
dificult to critically observe the condition of the pre 
heating flames during the progress of the cut On the 
other hand, the terminal diameter of the tip should not be 
so small that the preheating orifices are too close to the 
circumference of the tip or are pinched together too 
much If either of these conditio1 s; found the life « 
the tip under the influence of the preheat liable to be 


deficient 


Generally speaking, the gas economy of the tip ts not 
influenced by the number of preheating flames per s« 


With the very smallest tips of extremely limited heat in 
tensity, however, it is sometimes impracticable for manu 
facturing and maintenance reasons t 

small preheating orifices \ccordingly, 


~ 


use excessively 


two flame tips 


are sometimes more economical and are more desirable 
from the viewpoints of design and maintenance Such 
tips, of course, are only practical the case of straight 


line cutting. The four (or more) flame tips are, however, 
suitable for shape cutting 

If the preheating flames are too near 
fices, the flames are likely drawn away when the 
cutting jet is turned on Chis is particularly important 
where heavy discharges of oxygen are involved with the 
larger cutting tips. Not only shquld the preheating 
flames not be too close to the cutting jet but as much 
flame stability as possible should be obtained through 
careful design of the preheating orifices Chat is, the 
flames should be balanced and capable of a considerable 
range of adjustment as to size or intensity 

here are many hidden defects possible, in pur 
chasing tips one should first of all be assured that the tip 
has been most rigorously inspected at the factory and 
secondly, that the tip is capable of performing in a satis 
factory manner, under actual working conditions 

lhe susceptibility of a tip to flash 
fully be observed when the tip is in 
gaging cutting tips, as well as that of minor 
cutting orifice, can only be critically evaluated if the opera 
tor is experienced and most careful not to ascribe to the 
tip either defects in the steel being cut or faulty operating 
procedures. In general, it is important that the steel 
being cut be of more than one heat, and that all of the de 
tails governing correct procedure should be observed be 
fore condemning a given tip 

Che optimum performance of the cutting tip can only 
be realized when its use is intelligently supervised and the 
tip is subjected to adequate maintenance In this re 
spect it is particularly important that precautions be 
taken to protect the seating surfaces of the tip against 
damage by dropping the tip or scratching the seating sur 
faces with hard or sharp articles. It is also important 
to keep the tips clean and prevent foreign material from 
becoming lodged in the small orifices. To accomplish 
both of these ends it is advisable to keep the tips 1n ap 
propriate receptacles provided for the purpose 


the cutting or1 
ll 


to be 


so that 


should cart 
This aspec t ol 


defects of the 


back 


ust 


One should also make sure that the seating surfaces of 
the torch head are very clean before assembling the tip 
If upon lighting a tip it is found that the acetylene burns 
around the tip nut, and consequently that there is a leal 
across the seating surface of the tip, it is important that 
the tip be removed and the seating surfaces scrutinized 


CUTTING 


before attempting to stop the leak by further tightening 
the tip nut. 

Cutting tips are frequently damaged by allowing the 
end of the tip to rub across the upper surface of the steel 
plate while the torch is mechanically traversing the plate. 
Accordingly, great care should be exercised to ensure that 
at all times there is sufficient clearance between the end 
of the tip and the surface of the work. 

When not skillfully accomplished, the cleaning of the 
cutting orifices may actually do more harm than good. 
Because the terminal portion of the cutting orifice is often 
contracted as the result of heat and some tightly adhering 
particles of slag, it is desirable to insert the cleaning drill 
into the rear of the tip, when this is practicable, rather 
than into the discharge end. The cleaning drill should 
be very carefully rotated and never forced. Only the 
cleaning drills recommended by the manufacturer of the 
tip should be employed. 

It is most important that pressure regulators be cor 
rect as totype. By this, such considerations as delivery- 
pressure range, flow range, gas employed and inlet pres- 
sure limitations are signified. Where high standards are 
entertained as objectives in machine cutting, it is folly 
to employ almost any regulator merely because it is pos 
sible to draw gas from the regulator at the working pres 
sure desired. So far as adequate pressure regulation is 
concerned, a good two-stage regulator is very frequently 
essential. 


SELECTION OF GAS 


One of the most essential requirements for efficient 
cutting operations is that the oxygen be of highest purity. 
The pernicious influence of what might otherwise be re 
garded as trivial amounts of impurities is illustrated by 


purity from 99.5 to 98.5% will on the average neces 
an increase in oxygen consumption of about 25% 
Although acetylene is the most widely used fuel 
for oxygen cutting torches, under some exceptiona 
cumstances other gases may compete on an econon 


basis. 


One is not in a position to choose the proper fue! 


i 


gas if he merely has a knowledge of the B. t. u. content 


the various gases and the relative cost. 
illustrated by the studies of preheating or “‘starting t 


This is clearly 


Ll 


covered by Fig. 2, for it has been proved that a preheat 
intensity that is sufficient to rapidly start the cut is 
quate for rapid and highly economical cutting operat 
Figure 2 illustrates the variation in preheating time char 
acteristic of typical fuel gases and various oxygen fuel 


gas mixtures. 


i 


rhe preeminent position of acetylen 


iuel gas is indicated by the exceptionally low start 
times and low rates of gas consumption involved for t 


two acetylene curves. 


It will be observed that the mi; 


mum starting time with acetylene requires an oxyacet 


lene ratio of about 1%/, to 1. 


In the case of propa 


which requires very little fuel gas to attain comparable 


minimum 
about 4! 


fuel gas requires the consumption of very much n 


starting times, the oxygen-propane rati 


|. Accordingly, the use of propane as 


re 
i 


oxygen for the heating flames than does acetylene, whe: 
the same starting times are involved. 


Table 1-—Relative Volumes of Fuel Gases to Produce Equiva- 


Acetylene 
City Gas 
Natural Gas 
Propane 
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Fig. 1. It will be observed that the decrease of oxygen 
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le 1 indicates the fuel gas and oxygen volumes re 
i to do the same work of preheating as one volume 
tylene and 1*/, volumes of oxygen 
most striking feature of the above table is the rela 
large volume of oxygen required to burn the satu 
hydrocarbons, such as city gas, natural gas and 
ine Despite the low price at which these low 
erature gases are available, the cost of this extra 
weighs heavily in favor of acetylene as the most 
mical fuel gas. 


l 
} 
s 


PERSONNEL 


\lthough a beginner may readily execute cuts of fair 
quality, high-quality workmanship and economy of opera 
tions are dependent to an unusual degree upon skill and 
intelligence. 

Because of the many complex variables involved and 
the fact that these have not been fully rationalized even 
at this date, it is utterly impossible to lay down highly 
detailed operating specifications. Such tables of cutting 
procedure as are furnished to the operator must neces 
sarily be looked upon as cutting guides rather than cut 

specifications. The operator must be capable of 
employing such outlined instructions to develop the most 
satisfactory procedure for the particular job in question 
[his means that at times trial-and-error methods must 
be invoked, but unless the operator is very methodical 
he is liable to be tempted to experiment excessively, or 
else to reach premature conclusions. In the former cas« 
a great deal of time, gas and steel may be wasted. In the 
latter case many cuts may be ruined, expensive pieces 
of steel wasted, and the very best results which are pos 
sible with the process may not be realized. As an ex 
ample of what is customary where the operator is not 
carefully chosen, and where the supervision is not of the 
very best, it was found during one series of inquiries that 
the oxygen consumption for cutting 6-inch material 
varied by over 150% in different shops. 

[he operator and the supervisor must, above all, have 
a sense of proportion. There are many instances in 
which excessive emphasis has been placed upon either 
quality or dependability of cutting to the detriment of 
the element of economical cutting. On the other hand, 
there are times when the cost item has been so magnified 
that ill-advised conclusions are reached on the basis of 
insufhcient information or tests. In other words, 
generalizations are sometimes reached that are entirely 
applicable for the particular type of steel or the particu 
lar cutting conditions involved, but which are inde 
pendable or even totally inapplicable for slightly dif 
ferent cutting conditions. 

Consequently, the operator should be restrained from 
aimless and premature experimentation, but encouraged 
to constantly but cautiously investigate new cutting 
conditions. He should also be not only sufficiently criti 
cal but in addition well informed as to acceptable means 
ol experimentation. 





Fig. 3—Specimens of One-Inch Cuts. Left 


: Drag 0.11 Inch. Lower 


sorner Completely Severed. Center: Drag 0.20 Inch. Corner Com- 
pletely Severed. Right: Drag0.22Inch. Lower Corner Not Completely 
Severed Fracture in Lower Left-Hand Corner Not Clearly Revealed 
by Photograph 


INTER-RELATIONSHIP OF QUALITY AND EFFICIENCY 





The most 


important indepe riable are is 

ollows 

] Size of the cutting orifi 

/ Oxygen operating pre 

; Speed of cutting 

} Thickness of the mater 

>. Quality of the material 

6 Purity of the oxygen 

7. Intensity of the preheat 

s Angle of incidence of tl itting Ip] 

g Smoothness of cutting ori 
10. Cleanline of the end of th 

For any given cut each of these iriables should be so 
evaluated that a satisfactory quality of cut may be 
achieved at a minimum expenst \ ommercially 
satisfactory quality of cut is chiefly defined by 

l A sufficiently short drag Phat t ne markings on the 
face of the cut (Fig. 3) should approa idition of being 
traight up-and-down rather than dragging ick so far that a 
large (lower) corner is not 

yA Sufficiently smooth sides of , grooved. fluted or 
ragged 

} Satisfactory slag condition Ie st production work 
there should be no firmly adhering slag that involve in appre 
iable expenditure of labor for its 1 oO" 

} rhe upper edg of th \ irp for 
th nts of the particular 


The most basic of these requirements is that of a suf 
ficiently short drag. cuts be made with a 
given tip at a constant speed and with varying oxygen 
operating pressures. Next, let a line, such as AB Fig. 3, 
be inscribed normal to the upper edge of each cut and on 
one face of the cut. If the particular drag 

iginate 1 | 1] 1 downward 
originates at . ve 1oOllowed Gownward to its 


Let a series 


line which 
lower tet 


. . ‘ ‘ 
minus, C, then the distance BC may be recorded as the 
length of drag involved for that particular cut. If for 
any given tip the oxygen « nsumption necessary to give 
rise to each particular length of drag (th speed being 
constant) 1s plotted against this drag, a curve somewhat 
similar to that of Fig. 4 is obtained igure 4 is typical 
in that 

] The increase of the oxyget ol ption becomes greatet1 
i.e., the pressure must be inc1 gly aug nted) as the length 
of drag decreases, and for very short drags a slight decrease in the 
drag length can be procured only at the expe1 of a very greatly 
increased oxygen consumption This fact is of fundamental im- 
portance when considering the uestion of cutting economy 

2. Except for the lower cutting gs] 1 minimum length of 
lrag is characteristic of a given speed and tip which may not be 
decreased regardk ol I Dp ygen 
consumption 

An increased dt ig iy I l ide to 
obtain a drag shorter than the mu y increasing the operating 
pressure beyond that at whi lrag is obtained 

If the drag is too short the cutting operation becomes 
expensive as a result of the greatly increased « xyven con 
sumptior If the drag is too lor in uncut final corner 
may be the result. An uncut corner frequently unde 
sirable becaus« |) The appearance of a broken corner 
is of importance, or (2) The | t lra ecessarily 
involved in the case of uncut corners implies that the 
edges of the cut will not be exactly square with the face 


of the plate being cut when circular or irregular shape cut 
ting is involved, or (3 


~ 


Dh on-unitorm quality of the 
material is such that considerable 1 


n must be 


{ { i 
available beyond what is just sufficient to accomplish 
complete penetration of the plate whi everything 1 


favorable. 
Obviously, a1 


1 


effort should be 1 le t elect some deti 


2 ’ ' wit 
lard 1 i f ven operavuion 


nite length of drag as stan 
Merely to ignore the matter is to run the risk of wasting 


much oxygen as well as of obtaining poorer quality cuts 
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Some plants select the zero drag, or nearly zero drag, as 
standard. For shape cutting where sharp corners, or 
curves of short radii are involved, there is frequently 
justification for selecting so short a drag, but it should be 
understood that when such a drag is chosen the speed of 
cutting is necessarily reduced and the oxygen consump 
tion increased so that the operation is decidedly more ex 
pensive than if a longer drag is employed. 

Cutting studies such as those which form the basis of 
the data of Fig. 5, will enable the supervisor to determine 
whether zero drags are sufficiently desirable as to be eco 
nomically justified. Referring to Fig. 5 it will be seen 
that if a No. 45 (drill size) orifice is employed a zero drag 
may be realized when cutting the particular steel if the 
cutting oxygen consumption is about 300 cu. ft. per hour 
and the speed about 4 inches per min. If, however, 
a drag of °/\. inch is tolerated, then with the same orifice 
and the same oxygen consumption a speed of 6'/4 inches 
per min. instead of 4 inches per min. (a 56% increase in 
production rate) is possible. From another angle if it be 
assumed that for the zero drag cut a No. 41 orifice and a 
6'/4 inches per min. speed are employed, then the oxygen 
requirement as indicated by Fig. 4 will be about 365 cu. 
ft. per hour. On the other hand, if a °/;s-inch drag is 
selected, then at the same speed the cut may be made 
with the next smaller size of cutting tip (the No. 45 ori- 
fice) and the oxygen requirement will be reduced to 300 
cu. ft. per hour. 

It is obvious that in the interest of economy the drag 
should be as long as possible. If it is actually permis- 
sible, so far as the requirements for the finished cut are 
concerned, to employ much longer than zero drag it is 
quite likely that a “‘standard’’ drag or one which is as 
long as possible without leaving an uncut final corner, 
will be the maximum permissible drag. The middle cut 
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of Fig. 3 is characterized by such a drag. 
drag is shorter the oxygen stream is able to complet 
oxidation of the lower final corner even though the | 
of drag involved may be somewhat greater than t 
ameter of the cutting jet. 
In full recognition of the possibility of both shorte: 
longer drags being more suitable in special instanc« 
term ‘‘standard’’ drag has been employed both as a : 
ter of convenience and because it is a standard whi 


been found to be quite generally satisfactory. 


Wher 


It 


out that in the majority of cases the ‘‘standard”’ dra; 
here defined is also suitable for circular cutting and 1 
cutting of irregular shapes. This “‘standard’’ drag 

be expressed as follows 


Thickness of 
Material in In 


1 


* 


Table 2 


2 to 6 l 


Approx. Length of 
“Standard”’ Drag* in | 


* Based upon the assumption that the ‘‘final’’ edge of the w 
material is exactly perpendicular to the line of torch travers 


At times it is preferable to standardize upon the 
gree of off-square condition for a cut of known radius 
upon the size of an uncut final corner, rather than up 


the length of the drag. 


At any event, the shop whic! 


does not have some criterion of cut quality, either di 
rectly or indirectly related to length of drag, even if the 
standard is only an approximate one, will almost cer 


Or 


APPROXIMATE CorrrAR/ son 


Cv Tine OA/FICES . 
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Fig. 6 Fig 
tainly experience excessive costs for its cutting opera constantly alert to properly evaluate the cutting varia 
tions bles in terms of the particular steel involved. If this 1s 


BASIC CUTTING PROCEDURE 


Jecause of extreme variations in such things as the 
quality of the steel, the cleanliness of the tip, and the 
skill of the operator, as well as in the acceptable standards 
of performance, it is not possible to establish a univer 
sally dependable table of cutting pressures, tip sizes and 
Cutting tables must not be looked upon as cut 
ing ‘specifications’ but rather as approximate cutting 
guides’’ which fit certain average conditions sufficiently 
close so that trial cuts may be made with a fair presump 
tion of success. Following the inspection of the trial cut, 
more practical working conditions for the particular job 
may be evolved by carefully and appropriately varying 
the speed of cutting, the tip size and the operating pres 
sure 


speeds. 


+ 


After an operator has acquired sufficient experience 
with the particular thickness and quality of the steel in 
volved, he may depart rather widely from the conditions 
specified, particularly in the direction of lower operating 
pressures and higher speeds, provided he does so cau 
tiously and with due recognition that one or two successful 
uts at greatly reduced pressure or increased speed do 
not justify standardizing upon the revised practice. At 
iny rate, haphazard cut-and-try methods are to be con 
lemned. It is particularly important to observe that 
trequently there is a pressure which is just right, and 
hat an increase or a decrease of more than one or two 
pounds will lead to definitely inferior cutting conditions. 

Although many steels are very uniform in quality, as 
may be seen from Fig. 4, many vary sufficiently in qual 
ty, as represented by Fig. 6, that the operator must be 
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carelessly or ignorantly attempted the best possible cuts 
of the maximum possible economy are not likely to be 
obtained. Consequently, the r methodical pro 
cedure is presented 


follow11 


1. A cut should be made with the p 
speed of cutting, and oxyget 

in some appropriate cutting guide, such 
with the torch 

Le Examine the top edges of a cut ari 
heat accordingly (see discussion below 


d of the cut and vary the speed 


irticular tip size, 
which are listed 
as that supplied 


pressure 


d adjust the pre 


3. Examine the ‘drag 
of the cutting until a satisfactory drag 
tained. 

t+. Next, in executing successive cuts, gradually de 
crease the oxygen operating pressure making 
ing reductions of speed from time to time in 
maintain the drag desired 

5. Try the next smaller size 
sure about equal to the pressure listed 1 
for the thickness of metal being cut 

6. Repeat operations 3, 4 and 


condition is ob 


correspond 
order to 
tip, making use of a pres 
the cutting table 


For all of the above operations the various cuts made 
must be compared as to both quality and cost of cutting 
Obviously, the cost of cutting must include the cost of the 


cutting oxygen, the cost of the preheat oxygen, the 


of the fuel gas, the labor costs and the overhead 
quently it is also necessary to include the cost of the 
metal removed during the cutti perat See sect 
on “Cutting Efficiency 

In the procedure given above it will be observed that 
varying the speed of traverse is given preference over vary 


the 


the 


ing the operating 
pressure is give! 


pressure ind varying 
preference ver chal 


operating 
tip S1IZe 


There may be occasions when it is possible to omit one or 


two of these steps, that is, it may be possible to accept the 
given cutting speed and merely vary the cutting pres- 
sure, or it may be possible to accept temporarily both the 
given cutting speed and the specified pressure, and first 
of all experiment with different tips in trying to improve 
upon the approximate conditions listed in the table. 
However, it is important to understand that the order of 
procedure listed above is based upon a full recognition of 
the effects of variations in cutting variables upon the 
economy and quality of cutting, and is the most depend 
able method of arriving at satisfactory results. 

There is some considerable interdependence between 
the preheat requirement and the speed of cutting or other 
variables. Therefore, in the above list of operations let 
it be assumed that the operator is familiar with the funda 
mental preheat requirements, and continuously makes 
such readjustments as are essential to maintain a proper 
degree of preheat. The preheat requirements are that 
the preheat shall be just adequate to continuously propa- 
gate the cut and sufficient to avoid backfire troubles. 

In reference to the former requirement it is implied 
that very low values of preheat sometimes are inadequate 
to keep the upper surface of the steel at a sufficient tem 
perature that the cold jet of oxygen will be able to ener 
getically disintegrate the steel. Secondly, that the pre 
heat should not be so great as to excessively melt the 
upper corners of the cut. In general, if an appropriate 
style of cutting tip is employed, the range of practicable 
preheat intensities for the tips selected will be entirely 
adequate to meet these requirements; it merely calls for 
adjustment of the preheat intensity by means of the 
torch needle valves. 

A likely type of trouble in event of insufficient preheat 
is that of backfiring. Of course, if a flash occurs an in- 
vestigation should first of all be made as to whether the 
preheat flames are balanced, the gas passages are clean, 
and the terminal condition of the preheat orifices satis 
factory. If all of these conditions are satisfactory, and 
if flash troubles continue, it is quite possible that an ef- 
fort is being made to use too light a preheat for the given 
cutting tip. There should be sufficient margin between 
the preheat in use and the excessive preheat that will 
cause the melting of the top edges of the cut that it will 
readily be possible to adjust the tip to a more satisfac 
tory preheat condition. 

There are times particularly with certain alloy steels, 
when the cutting conditions specified in cutting tables will 
be inadequate. The recommended procedure in such 
event is to assume that the steel is thicker than its actual 
size and to choose cutting conditions from the table ac- 
cordingly. If such conditions prove inadequate it could 
be assumed that the thickness of the steel is even greater 
and again select appropriate cutting conditions from the 
table. 

If the steel is quite rusty or scaly, it may develop that 
the preheat intensity when using a light preheat type of 
tip is inadequate. In such an event a heavier preheat 
type should be employed. Otherwise, the cutting con- 
ditions are unaffected. 


EFFICIENCY 


The best means of rating the oxygen efficiency appears 
to be in terms of the oxygen requirements per square 
inch of metal sectioned by the cut. Such a figure is fre- 
quently designated as the “‘specific oxygen requirement.” 
The efficiency on this basis of good commercial cuts is 
approximately as follows: 
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Table 3—Specific Oxygen Requirements for Good Com. 
mercial Cuts 


Thickness Cu. Ft. Oxygen Per 
Inches Sq. In. Cut 
1/, 0.04—0.07 
l 0.06-0.11 
2 0.08-—0.15 
4 0.11-0.20 
a) () 13 4) 25 
12 () 20 {) 40 


The above figures merely apply to the cutting oxyge: 
requirement. The figures will be increased by 0.01 t 
0.03 if the oxygen for the preheating flames is includ 
This is on the assumption that the preheating g 
acetylene. If the preheating gas is hydrogen or city gas 
or one of the liquefiable hydrocarbons, the figures n 
be increased by a greater amount. 

Figures on relative labor and overhead will, of cours: 
need to be considered in addition to the figures on 
oxygen consumption. Obviously the labor and over 
head will be decreased as the speed of cutting is increased 

Figure 7 indicates that for 1 inch cutting with a No 
orifice the cutting-oxygen rate of consumption increas 
almost in direct proportion to the speed of cutting 
long as only one size of tip is considered). Note, hoy 
ever, that the upper portions of the curves of Fig. 7 ta 
on decided upward curvatures at the higher speeds, i: 
dicating that the rate of oxygen consumption increas 
more rapidly than the rate of cutting at the higher speed 

By selecting typical figures for labor, overhead, fuel 
gas and oxygen costs it has been shown that an operat 
may usually work well beyond the limit of proportio 
ality and actually rather closely approach the speed at 
which the minimum drag is equal to the desired drag 
without running into uneconomical operations. 

The foregoing has neglected the question of the qualit 
of the cut. As the speed of cutting is increased the ult 
mate limit for a given tip may be imposed either by e 
nomic considerations alone, or by the appearance of th 
cut. In the former case the tip is used at a speed great 
enough to cause the ““minimum drag,’’ characteristic 
the given tip, to be almost if not actually as great as the 
length of drag selected as standard, and the operating 
pressure is set just low enough to obtain the standard 
length of drag. In the latter case speeds as high as this 
sometimes prove impracticable because of the tendem 
of the quality of the cut to deteriorate with increasing 
speed of cutting. 

If the appearance of the cut is very important it is 
generally the controlling factor for cuts less than tw 
inches in thickness. For intermediate thicknesses on 
or the other factor may prevail. For thicknesses over | 
or § inches there does not appear to be any substantial 
difference between the two different limits, and econom 
cal considerations alone may be employed in selecting 
the proper tip size, speed and operating pressure. 

When the limiting speed (economic or otherwise) of a 
given tip has been reached it is obvious that other size 
should also be systematically investigated. Another 
size of tip might afford even better results. A small 
tip, for example, will in general give rise to a narrowe! 
kerf and because there is less metal to be oxidized th 
oxygen requirement per unit area of the metal cross se 
tion will be decreased. It is also true that the wastage 
metal will be less. In the case of heavier thicknesses a1 
sometimes even for lighter thicknesses, it will be foun 
that the cost of the metal removed from the kerf whe 
valued at scrap prices is an important element in tl 
cost of making the cut. 


OCTOBER 




















. larger tip might permit a much higher speed of opera 
ti and consequently sufficiently decrease the labor, 
verhead and consumption of fuel gas as to offset the in- 

sed oxygen discharge characteristic of the larger tip. 
\ careful analysis, such as illustrated by Fig. 8, should 
be made to determine which size of tip is best suited to 
the work at hand. 

For example, the studies of Fig. 8 indicate that in the 
case of 2-inch cutting and for ordinary labor, material, 

and overhead costs, the smailest tip is the most eco 
mical if all tips are operated at maximum efficiency. 

In actual practice, it is usually necessary to derive the 
cutting oxygen flow from the tip calibration and the pres 
sure gage readings 1f one is to make use of analyses of the 
type just discussed. A calibration of the cutting tip 
may be obtained from the manufacturer of the tip, who 
can also furnish approximate values for the preheating 
consumption. 


CUT QUALITY 


When the drag lines are irregular, such as are illus 
trated in Figs. 9 and 10, a condition is encountered in 
which it will be found that the faces of the cut are often 
badly grooved, concave, or otherwise irregular. Such 
drags are frequently due to foreign inclusions rolled into 
the plate. Note the correspondence of level for these 
inclusions (see photo of etching) and the discontinuities 
in the drag-lines 

However, abnormal cuts may also make their appear 
ance when a tip, which is apparently in normal condition, 
is used. In such cases the trouble may sometimes be 
overcome through the use of a lower speed of cutting and 
a lower operating pressure. A very high operating pres 
sure is particularly liable to cause horizontal flutes (which 
are the result of flow nodes in the cutting jet 














—_—_—— pelea ir a 
J 33 y | 
| PRS | 
| Hats Sx | 
| sisi oo Bs | 
| rag. S|» 
| ie bel eo Zz Rix 2 j 
-. 4 seittpd 6 | ON 8 
he" pose = u ~ | 
‘ ot ie 3Q b 
ESise > Q 4 | 
5 | ee? 9 O Fre | 
ph i Sf 
, |/ uw $2 . 
| | re) vod s 
| G0 S 
Pre! 5 aS ; | 
“a3 > ws 28 
™ ‘ j “> e| "Ss $0 
Ny : < a) 
de, * / z 2 
—t_-~-"— -je-2» << ‘ by 
— a 














; Q ff 
‘he. Sf é | 
gq > <! me 
> wy . 
a J 
Rh Gevanese +4o~-. << + 
ane dn idee 








A Rd 4 1 FOAPMOENOD MN BBAKO 











lO. Sufhiciently 


OXYGEN CUTTING 


| Uniformity of torch movement 

2 Uniformity of oxygen pr 

heavy thicknesses and cok 
Uniformity of steel being 

} Smoothness of bore and pro 


oD Cleanliness of orifice exit 


f Sufhiciently high oxygen 
Sufficiently low oxygen oper 
S A gradual increase of speed 
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9%. Sufhiciently low operating 
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high 
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Excessive speeds are more ¢ 
ficient speeds in the case 
resulting cut quality is poor 
found that in the case of tl 
inches) a ragged condition of 
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cient speed In increasing tl 
be necessary to use a larget 
ing speed is quite moderate 

Preierably, there should 
bottom of the cut, and this is 
lighter thicknesses. 
favored by the following conditio1 
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Smoothness of cutting orifi 


4 high purity of oxygen 
Secale or rust along the bott 
Sufficiently high oxyge1 
Sufficiently large 








Fig. 9—Discontinuity 
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of Drag-Lines 





In extreme cases a larger tip may be employed than the 
most truly economical cutting tip. When considering 
such a procedure one should be sure as to whether the 
increased cost of operating the larger tip would be justi 
fied as compared with the cost of slag removal by me 
chanical means. If one side of the steel is rusty it is better 
to turn the steel so that that side is lowermost. The slag 
does not adhere as tightly to rusty steel as it does to clean 
steel. On the other hand, the upper surface of the steel 
should be as clean as practicable in order to minimize the 
preheat requirement 


medium sizes of tips, that is, tips suitable for thick: 

up to § inchs or 10 inches, the operating pressure sh 
not exceed 40 lb. provided flat cut faces are actual] 
quired. This is upon the assumption that the hose 

and approach passages of the torch are adequate ir 
case of the heavier gas flows. 

Precision shape-cutting also demands that attention } 
given to the question of thermal expansion. Lack of p: 
cision may result either from warpage of the materia! 
event that thin sheet or plate stocks are involved, o1 
may result from a shifting of the plate during the p: 





Fig. 10—Erratic Drag-Lines 


Where the torch is held rigidly and advanced at con 
stant speed, as in machine-guided oxygen cutting, across 
the-cut tolerances may be maintained within narrow 
limits. In ordinary steel of 6 inch thickness, cut sur 
faces can be held true, as to cross-sectional squareness, 
within '/g inch. Cuts in thinner sections can be held 
within smaller limits. The degree of longitudinal 
precision of a machine-guided torch cut depends on the 
trueness of the guide rails of the cutting machine, the 
clearances in the operating mechanism and the regularity 
of the propelling unit. 

The squareness and planeness of cut faces depend to a 
considerable extent upon the operating pressures em 
ployed. For best results the operating pressures for 
smaller sizes of tips should not exceed 30 Ib. and for 


gress of the cut as the result of the heat of the cutting 
operation. One should, therefore, carefully plan 
operation so as to minimize these effects. For instance 
it is desirable to eliminate, if possible, narrow sections 
of metal that may become overheated. 


SUMMARY 


Because efficient and high-quality oxygen cuts depend 
both on the use of proper equipment and upon a proper 
cutting technique, this paper first of all attempts to point 
out specifically just what standards are essential in the 
selection and the care of oxygen-cutting equipment, and 
then precisely what systematic procedure is necessary 
to take full advantage of such equipment. 





Welding and Cutting in 
Machinery Construction 


By JOHN D. GORDON? 


NSTEAD of the formal presentation of a paper we 
I are planning to show a motion picture film dealing 
with the fabrication of special machine bases through 
the use of are welding and rolled steel plate. 
In order to give a clear picture of the various steps 
necessary in the production of bases for special machinery . 
by fabricating, we have produced a 16 mm. film, 1600 
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feet long, starting with the necessary redesign encou! 
tered in changing from previous practice of either cast 
iron or cast steel into the fabricated steel structure. 
Starting at this point, we proceed through the neces 
sary detailing, laying out of templates for flame cutting 
the necessary steel plate using both temporary, paper 
templates, or aluminum bound plywood permanent 
templates for multiple pieces. We show the cutting and 
construction of these latter templates, and proceed frot 
this point to the necessary stock of steel plates, ba 
and shapes that must be carried in stock in order 
permit of the short deliveries which are made. We th: 
show the actual operation of flame cutting machin 
both single and multiple torch, giving a complete pr 
ture of the flexibility of this type equipment includin; 
stack cutting and three dimension cutting, on to th 
necessary chamfering of plates with a special flame cut 
ting machine for this operation, through the necessat 


Continued on page 43 
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Simple Clips Used to Fair Shell Seams 





Fitting Shell Plating to Bow and Stern 


ERECTION SEQUENCE AND WELDING 





Procedure of All Welded Lake Freighters 


By R. W. BRENDLE! 


BOUT 20 years ago, welding was first introduced in 
the shipbuilding industry in the Great Lakes area; 
and, until the advent of the shielded-arc electrode, 

the two major classification societies, The American 
Bureau of Shipping and Lloyd's Register would not ac 
cept arc welding for joining or repairing strength members 
of ships. 

However, shortly after most of the bugs had been 
removed from shielded-arc welding, we had a large re 
pair job on the dry dock which necessitated the removal 
of several frame sections of heavy ten inch ship channels 
We proposed to cut these frames out, straighten them 
and replace them, welding the butts. This proposal 
was met with flat refusal to even consider such a pro 
cedure. However, we persuaded Lloyd's representative 
to at least witness some. tests of butt welds in this same 
type of channel. 

You know the inevitable result; the channels were 
tested to destruction with the actual weld remaining 
intact. Needless to say, we were allowed to weld the 
frames. 

This was the entering wedge, and probably had more 
to do with the general acceptance of welded strength 
members by the classification societies in the Great 
Lakes area than any other welding done up to this time 

From then on our task was a bit easier and a short time 
ago we were awarded acontract tobuildtwoships. These 
ships were to carry package freight from Detroit through 
the New York State barge canal to Atlantic coast ports 
\bout six years previous to this, we built for this same 
customer two riveted ships, to be used in the same trade, 


Detroit, Mich 
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The Green Island on Her Trial Trip 


and, due to the fact, that they would have to pass through 
the New York State barge canal their maximum size was 
definitely established. They were 300 feet in length with 
a beam of 43 feet, this being the largest vessel that could 
pass through this canal safely However, our customer 
specified in the new contract that it would be necessary 
for the new ships to carry more cargo than the others, 
maintaining, however, through necessity, the same over 
all dimensions 

here was but one logical solution to this problem, 
and that was an all-welded ship. Our original estimate 
and bid for the building of these ships was based on 
riveted construction and when we took up the subject 
of an all-welded ship with our customer at no increase 
in cost, they agreed to accept this type of construction 

Che first work to be done in the building of a ship 1 
the designing and making of drawings in the drafting 
room; the many details were worked out and a general 
set of drawings were made among which were the line 
of the ship. These general drawings and lines were the: 





View Showing Web Frames, Arch Section and Plate Floors 





Ships Are Launched Sideways on the Great Lakes 


sent to the mold loft, which is a large building having a 
smooth wooden floor on which the ship is drawn out in 
full size. The lines are then carefully faired so that the 
form of a ship after it is built will be perfectly smooth. 
Aiter the molds, templates and patterns are made they 





more butt of each plate was then welded and next cente, , 
keelson plate was welded to keel. Y 
The erection of floors was then started working uy 
formly on both sides of the ship. Floors were welded 

to center keelson and tacked to bottom shell. The int 
mediate longitudinal plates were fitted in place 
tacked as fast as floors were erected. 


dl 


As soon as 12 floors on each side were welded to th, 7 
center keelson, one tank top plate was laid on each ; 
and tacked to center keelson and floors. The floors wer 
then welded to shell and tank top. The first shell and 
tank top butts were welded and welding of the shell and 
tank top longitudinal seams was then completed for on 
plate length and further assembly was continued along 
the same lines. The second strake of tank top plating 
and margin plate was laid as soon as the tank top rider 
plate was welded to the floors. 

When the tank construction had progressed suffi 
ciently, the amidship arch and two amidship bulkheads 
were erected and plumbed. Two shear strake plates with 
attached frames were erected on each side and frames 
were welded to tank top. The bilge plates were erected 
and welded as fast as frames were in place. After deck 
assembly between hatches was completed on the amid 
ship bulkheads, two spar deck stringer plates and th 
amidship length of gunwale bar waserected. The amid 
ship butts of shear strake and spar deck stringer wer 
then welded and deck assembly welded to stringer. Whe: 
the construction between bulkheads was tied together 
erection was continued fore and aft in this same mannet 
keeping erection about one 


1d¢ 








hatch space ahead of the 


seal 

finish welding. ahe 
Che side plating between bilge and shear strakes wa the 
then erected and welded, working fore and aft from |] In t 


amidships and keeping one plate behind the shear strak¢ all : 
All butts were welded before seams. 





the 
are sent to the shipfitters who mark off the steel by these At the ends of the ship beyond the double botton abl 
means in order that the same may be sheared, planed floors, frames, beams and stringers were erected dea 
and shaped. anc 
About eighty per cent of these ships were laid out in on 
this way, the other twenty per cent being lifted from the I 
ship after the general steel work was erected. duc 
In general the transverse construction of these ships out 
did not lend itself to preassembly as well as longitudinal in | 
framing would have done; however, the following sec ‘ 
tions were assembled and welded in the shop and on the shi 
ground before erection: all floors, web frames, all founda are 
tions, skylights, transom and cant frames, pilot house | 
well, bulkheads, arches complete with deck between av 
hatches, pilot house, rudders, smokestacks, masts and sal 
any other small parts which could be welded into larger W 
units, limited, however, to our crane capacity of fifteen hu 
tons. After a sufficient amount of steel had passed ov 
through the shop and was stacked alongside the building afi 
berth, the actual construction of the ship on the ways was 
started. tic 
All bottom plates were used full size as received from - 
the mill. The ends of the plates were beveled for 60 fu 
degrees single vee butt welds welded from top. Under th 
side of butt chipped with round nose tool and closing th 
bead applied. The keel plates were laid on blocks lined 
up and butts tackled. About six inches of butt at center pi 
welded and chipped flush where crossed by center keel- qT 
son. The center vertical keelson plates were then erected, tt 
starting at center of ship and tacked to keel, being held al 
vertical by temporary brackets on one side. te 
The “B” and “‘C”’ strakes of bottom plating were then h 
laid on the blocks starting at the center of the ship. The W 
middle butt of keel and center keelson plates were then w 
welded. The center keelson plate welded to keel for [ 
length of one plate fore and aft of welded butt. One Completed Hull Prior to Launching a 
v 
32 THE WELDING JOURNAL OCTOBER 














ee 2 he - 


on 





shell plating was reduced to facilitate handling and fit- 


ting. The keel plate, shear strake and deck stringers 
were erected and welded before remainder of shell. All 
shell and deck plating was worked out toward the ends 
so that the last plates fitted were at the extreme bow and 


general the welding was started at the center of 
the ship working outward to port and starboard and 
fore and aft, welding everything as you came to it. All 
butts were welded before the next plate was held by any 





The Norfolk Laying at the Fit-Out Berth 


seam welding and erection was kept about two days 
ahead of the welders. Any contraction athwartships in 
the bottom plating was adjusted in the lapped seams 
In the tank top one strake on each side was left off until 
all piping had been installed in the double bottom and 
the width of this plate was adjusted to suit. Any measur- 
able contraction longitudinally was adjusted in the last 
dead flat plates at each end. Bulkheads were left long 
and trimmed to size after they had been finish welded 
on the ground. 

Downhand welding was used wherever possible, but 
due to the transverse construction of these ships and 
our limited crane capacity most of the welding was done 
in place. 

Since we have built two riveted ships and two welded 
ships of the same type, and for use in the same trade, we 
are able to make some interesting comparisons. 

First, there is the matter of cost of construction. The 
average cost per ton of steel erected was practically the 
same for the all-welded ships as for the riveted ships. 
When you consider that these were our first all-welded 
hulls and that we have been building riveted ships for 
over thirty years, one can readily see the possible savings 
after we become accustomed to this type of construction. 

Secondly, I would like to point out the lack of vibra- 
tion in an all-welded ship. During her trial trip, the 
“Green Island’’ was so steady that while going along at 
full speed on Lake Erie a coin was balanced on edge on 
the dining room table which was just aft of and over 
the engine room. 

Chen there is maintenance and repair. It is hard to 
predict what the cost of repairs will be on a welded ship. 
This will be governed entirely by the demands made by 
the classification societies. It is doubtful if they will 
allow us to use a shell plate; for example, which has been 
torn through collision or grounding, and until they have 
had a lot of past performance to go by in the repair of 
welded ships, they may order more extensive repairs than 
we think is actually necessary. We dry docked the Green 
Island after a minor grounding, and although she had 
a number of indentations in her shell plating, all welds 
were intact and she was still watertight. We were able 
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{1 and all connections welded, the thickness of the 


to fair up these places without removing the plating, 
but had this been a riveted ship we would probably have 
had to remove three or four shell plates due to loose 
rivets, and this would have cost many times more than 
the work we did do. 

Last and probably most important is the fact that 
these welded ships do have a big advantage over their 
riveted sister ships in that they are able to carry approxi- 
mately 320 tons or 15% more cargo at the same loaded 
draft. 


General Information 
‘*“Green Island”’ and ‘‘Norfolk’ 


Length 300 ft 

Beam 13 ft 

Draft 2 ft 

Depth 20 ft 

Freeboard i ft. ¢ 

Deadweight 12 ft. 6 in. waterline 32 on 
Gross tonnage LO4t 


Net tonnage 
Light displacement 


Cons of steel used SS 
Pounds welding wire used 
Oxygen used 1. ft 
Acetylene used 36,00 1. ft 
Lineal feet of welding 90,00 
Preliminary work 24 day 
On building ways 89 day 
Fit out 35 day 
Total number of working day 
to build ship 148 
Power CP'wo 560 H.P. Diesels, twin screw 


Flame Hardening’ 


By JOHN SHEPPARD! 


LAME hardening has been appr: ypriately defined as 
Fite process wherein the surface of a ferrous metal 

capable of hardening by heat treatment is locally 
hardened by rapidly heating to a temperature above the 
critical point with an oxyacetylene flame and then 
quenching from that temperature This results in a 
hard wear resistant surface with a core which has not 
undergone any thermal change and, therefore, retains all 
its original toughness and ductility. There is no chemi 
cal change in the hardened surface and the process must, 
therefore, be differentiated from case hardening, Chap- 
manizing carburizing or nitriding, and other processes 
in which the surface composition is changed to render the 
material more hardenable. 

The method is not new, the literature dating back 
almost to the first application of the oxyacetylene flame 
to steel welding where hardening of the metal adjacent to 
a weld in medium carbon steel was observed. Recently, 
however, the development of suitable mechanically 
operated water-cooled tips and torches which insure ac 
curate control and dependable operation have given im 
petus to the use of the flame hardening 
dustry. The hardening effect obtainable is similar to 
controlled atmosphere furnace hardening practice pro 
vided that the material has been heated to the same tem 
perature in each case. The hardness can be tempered as 
required by a second and more gentle heating 

Machine designers are often confronted with the prob 
lem of selective wear of machine parts which often rel 


h 
gates a machine to the scrap heap through failure 


process if in 


ol one 
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or two parts while the body is still intact and serviceable. 
Replaceable wear plates or liners of hard metal are in- 
serted at points subject to selective wear, presenting a 
hard surface to concentrated frictional load and permit- 
ting the body of the machine to be made ductile and 
shock resistant. 

Case hardening by the addition of carbon to form a 
thin hard layer on selected areas is a very old technique. 
It necessitates heating the part to 1600-1700° F. and 
holding for approximately one hour for each 0.010 inch 
depth of case desired, followed by quenching. This re- 
sults in severe distortion which limits its application to 
small and simple shapes, and where selective case hard- 
ening of definite areas such as the contact surface of gear 
teeth is required, an elaborate and costly operation of 
electroplating the areas to remain uncarburized must be 
employed. 

The materials used in machine construction, medium 
carbon steels, semi-steels and alloyed cast irons are cap- 
able of being hardened by suitable heat treatment. Such 
furnace hardened parts have been commonly used as 
tools or inserts in machines and the hardening procedures 
for improving their wear resistance are commonly known 
to metallurgists. Furnace hardening suffers the same 
limitations as case hardening as regards the difficulty in 
preventing distortion in large or complicated shapes. A 
further disadvantage is that the hardness cannot be con- 
fined to the wearing surfaces of the part, but extends into 
the body of the material causing an appreciable loss in 
ductility and in resistance to shock. 

The application ot the intense heat of the oxyacetylene 
flame provides a ready solution to the problem of obtain- 
ing the hardness effect of a furnace heat treatment at the 
wearing surfaces of a machine and retaining the neces- 
sary shock resistant properties in the machine body. 

It provides the high surface hardness of a case or car- 
burizing treatment with the toughness of a quenched 
medium carbon steel. Distortion and residual harden- 
ing strains are all reduced to the minimum. The micro- 
structure shows no sharp line of demarcation between the 
hardened zone and the core as often found in case hard- 
ened work. The hardened zone produced is at least two 
or three times the depth economically obtained by car- 
burization and there is a tapering of the hard martensite 
at the surface which gradually changes through troostite 
and sorbite to the ductile pearlite of the core which re- 
sults in complete freedom from spalling under impact or 
vibration. 

Plain carbon steels above 0.35% carbon are readily 
flame hardened. The standard S. A. E. water hardening 
steels or low-alloy oil hardening steels can also be success- 
fully hardened. Increasing carbon content favors higher 
hardnesses. S. A. E. 1040 steel will readily yield Rock- 
well C 52-58 (600 to 750 diamond Brinell) with a vigorous 
quench. Rail steels of 0.80% carbon are flame hardened 
to 450 Brinell with a very mild quench, rapid quenching 
yields a hardness of 800 Brinell equivalent to the hard- 
ness of hard-facing materials similar to stellite. 

Cheap carbon steels flame hardened have been used 
with excellent results to replace expensive alloy steels 
formerly required on many applications to provide the 
necessary wear resistance. In flame hardening, if the sur- 
face layer being heated is only a small portion of the totai 
bulk, the quenching action is much more drastic than if 
the entire piece were heated and quenched. The amount 
of heat which the quenching medium must absorb is so 
much less that the quenching rate is tremendously acceler- 
ated, and Brinell hardnesses of 50 points higher than the 
furnace quenching method are obtainable when medium 
heavy sections are flame hardened. 

In hardening high-carbon steels in the tool steel 
range some care must be used to avoid surface checks 
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from too rapid application of heat or a too severe qu 
Only a fraction of the care used in furnace hard 
these steels is needed when flame hardening for the 1 
unheated core provides an excellent support for the hard 
ened face. Pearlitic malleable castings and low-all 

cast irons can all be successfully flame hardened. 

many applications air hardening steels can be used whic! 
do not require any liquid quenching to obtain hardness 
after heating. 

Flame hardening can be accomplished manual] 
mechanically. Small areas of a part can be raised | 
hardening heat by the application of a standard weildi: 
torch, the entire area being brought to temperatur 
moving the torch back and forth across the surfac« 
torch is removed when the operator judges that the 
perature is right and the part quenched. This 
method extensively used in hardening rail ends to re 
batter. The entire width of the running surfac« 
rail and some four or five inches in length may be hard 
ened in less than two minutes. Temperatures are 
termined by means of an indicating pyrometer ha) 
sturdy sharp iron constantan points which are pressed 
into the hot rail end to complete the thermocouple ci: 
cuit. With a little practice the operator may learn t 
judge temperatures quite accurately by eye, an inexper 
enced operator invariably tending to underestimate th: 
temperature and overheat the work. The degre 
hardness produced can be controlled by regulating 
volume of quench water. Results can be verified by 
means of a portable Brinell tester. 

In hardening extended areas such as the entire rail 
length or the wearing surface of the bed of a lathe, th 
hardening process is made continuous by incorporating 
both heating and quenching functions in the hardening 
tip, and providing means for moving the tip at a constant 
speed along the path to be hardened. Heating is a 
complished by one or more rows of small oxyacetylen 
flames followed closely by a row of quenching hol 
While water is the most common quenching medium, ait 
and in some cases nitrogen are used. 

The tip progressively heats the surface along the path 
of travel to hardening temperature, the quenching stream 
following closely imparts a uniform hardness to the area 
covered by the tip travel. Multiflame tips must be 
water cooled to prevent overheating of the torch and 
flash back of the heating flames. Tips 5 inches in width 
have been made for hardening wide areas, but it is usu 
ally more practical to use narrower tips, 3 inches 1 
width and under, and to harden the surface in successiv 
strips. Auxiliary water jets are applied at the ends 
the rows of heating holes to prevent flow of heat into th 
areas already hardened. The soft line between two 
successive passes can be made so fine that it cannot be 
detected with the standard Brinell tester. The speed 
tip travel may vary from 3-12 inches per minute depe! 
ing on the size and number of heating holes and deter 
mines the penetration of the hardness. The usual spe: 
is 6-8 inches per minute for one-eighth to thre« 
teenths of an inch penetration. The degree of hard 
obtained is regulated by the nature and volume of t! 
quenching stream. 

To provide for accurately controlled speed of mot 
of the hardening tip over the object surface, the torch 
be mounted on a standard oxyacetylene cutting mach! 
The desired speed falls within the range obtainable w 
these machines and they are thus ideal traversing 
vices. The tool post of a lathe with variable feed 
also be used as a torch holder. All that is demat 
being a steady uniform rate of progress of the tip 
fixed distance above the work. Cylindrical surfaces 
inches or more in diameter are hardened by mount 
the object on the spindle of a lathe and fixing the tor 
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Flame Hardening an Outer Diameter Using a 3-Inch Flame 
Hardening Tip 


e lathe tool post. The peripheral speed of the sur- 

to be hardened should be similar to the speed of 

travel over flat surfaces given above. Both internal and 

il surfaces of a cylindrical object can thus be hard- 

ened by progressive heating and quenching in one revo- 

A row of water jets closely preceding the 

lames prevents drawing of the hardness at the comple 
tion of the circle. 

Cylindrical shafts of extended length are hardened by 

tating the shaft on a lathe spindle with the torch 

nted in the tool post. The torch is fed slowly along 

the length of the shaft, the relative motion of the harden 


ng tip being spiral to the shaft axis. As in hardening 
successive flat strips, auxiliary quenching streams are 


used to avoid drawing the hardness of treated areas 

Cylindrical surfaces either internal or external less than 
six inches in diameter are treated by spinning at 150 to 
300 revolutions per minute in front of the water cooled 
multiflame tip. If the path to be hardened is too wide to 
cover with one tip several tips are employed. When 
sufficient time has elapsed to allow the work to reach 
hardening temperature the torch is shut off and the 
quenching water is turned on while the work is still spin 
ning. For high production the lighting of the torch, the 
duration of heating and the timing of the quench are all 
regulated automatically by cam mechanism. The opera 
tor merely placing the work in the machine and pressing 
the starting button. Withsuch an arrangement absolute 
uniformity of hardness and depth are obtained provided 
constant gas pressures are maintained at the tip. 

Flame hardening tips can be obtained to fit irregular 
contours. In many cases, however, it is preferable to 
split up such a contour into several parts, and harden 
each part of the contour as a separate operation. The 
resulting simplifications in tip design considerably reduce 
their cost and promote easy operation. 

The hardening of gear teeth offers one of the best ex- 
amples of the flame hardening principle since only a 
limited area on both sides of a tooth at the pitch line 
must be hardened, it is possible to harden gears with 
practically no distortion, so that the gear can be pre- 
viously finish machined in the unhardened state. 

In hardening gear teeth, the tooth profile is divided 
into two parts and heating tips are designed to fit each 
half of the tooth contour. Spur, sprocket, worm and 
herringbone gears are hardened by mounting the tips in 
i yoke at a fixed distance apart and providing for uniform 
motion of the tips along the tooth. The torch is lighted 
ind the quenching water turned on before the tip begins 

traverse the tooth, when the path is completed the gas 
s shut off and the tip drawn back, the gear is revolved 

ne tooth, the torch relighted and the cycle recommenced 


Ss 


Special equipment is required in the case of worm and 
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herringbone gears to rotate the gears as the tips move in a 
straight line along the gear axis, and with bevel gears for 
varying the spacing of the hardening tips and the speed 
of torch travel to accommodate the varying cross section 
of the tooth. In hardening worm and herringbone gears 
use is made of a follower engaging between two teeth and 
thus fixing the path of the tips which are mounted sepa 
rately and connected by flexible leads to the flame hard 


ening torch. The gear is turned on its axis as the hard 
ening operation proceeds. Gear hardening machine 
incorporating these features have be: built and are 
available for the production hardening of gears 


In spite of the apparent simplicity of the process a few 
fundamental points should be kept in mind in approach 
ing flame hardening problems If the exact composition 
of the part is not known a test-piece should be taken, and 
heated in a furnace to 1500° F. and quenched in water 
Testing with a file or on a hardness te 
show whether the steel is hardenable or not Should the 
material show no appreciable increase in hardness it is 
frequently possible to change the material specifica 
tion usually by increasing the carbon content 


Wherever possible, fine graine¢ steels h uld be « Cl 
for parts to be flame hardened Their inherent tendency 
to resist grain growth being a safeguard against over-heat 
ing by an inexperienced or careless operator heir 
shallow hardening characteristics are no disadvantage t 


the process 

In order to derive complete freedom from distortion 
forged or cast parts should be normalized in the usual 
F 


way before flame hardening. If maximum toughness « 

core is also desired normalizing should be replaced by 
furnace hardening followed by a tempering operation at 
100 to 200° F. below the critical rangt This is followed 
by finish machining and finally flame hardening, giving 


maximum surface hardness with greatest core toughness 
and freedom from size change 

A neutral flame setting of the torch is best and this 
combined with rapid quenching gives work which is as 
scale free as that coming from a controlled atmosphere 
hardening furnace. Heat input should be rapid which 
means that gas pressures should be high and torches and 
tips as large as possible. Low heat input permits waste 
ful loss of heat by conduction into the body of the metal 
resulting in higher gas consumptiot Generally it will 
be found possible to harden 4 square inches of surface for 
each cubic foot of oxygen and acetylene consumed. An 
ple quenching volume should be used to secure high hard 
ness. Simple trials easily determine the correct settings 
of torch speed, gas flow and rate of quen 


hing to produce 


any degree of hardness and depth of penetration desired 





Flame Hardening an Internal Diameter with a Inch Flame 


Hardening Tir 





RECENT DEVELOPMENTS 





in the Welding of Machine Tools 


By L. F. NENNINGER? and W. A. MADDOX 


HE fabrication of steel by welding has progressed 

very rapidly in the last few years. Progressive 

machine tool builders, like those in other industries, 
have investigated the possibilities of using this method of 
construction in their product. Additional work with 
welded steel structures has been predicated on their 
early results. 


MISTAKES WERE MADE 


Naturally some mistakes were made in practically 
every field that welding has entered, because the initial 
efforts were not always properly directed nor intelligently 
supervised. 


PERFORMANCE OF WELDED MACHINE TOOLS 


It is a pleasure to report that machine performance 
problems directly attributable to welding are quite rare 
and seldom indeed get past our “‘run-off’’ inspection. 
It is quite interesting to note here that only as short a 
time ago as 1931, Mr. Sol. Einstein, Vice-President of 
our Company, in a paper presented before the A. S. M. E. 
stated that ‘‘It would take years of experience, sometimes 
sad experience, before our knowledge in designing welded 
structures will reach the status which we now enjoy in 
cast-iron structures.’’ While welding has hardly started 
to come into its own, the progress made certainly is far 
greater in a few short years than even such a progressive 
thinker as Mr. Einstein could visualize in 1931. 


WHAT IS BEING WELDED 


Industry in general has accepted good welding in 
every branch of modern industrial civilization as a proven 
method of construction. Parts welded range in size 
from watch chains, parts for your automobile, on up to 
the very high pressure steam boilers and the steel work 
of towering skyscrapers. It would be a physical im- 
possibility to build the modern sky liners or the flying 
fortresses without welding. The automobile costing 
from $700 to $1400 would cost you and I much 
more if welding could not be used. It is very easy to 
overlook what a tremendously important part welding 
plays in all of our lives, from day to day. 


RIGIDITY IN MACHINE TOOLS 


Let us consider the matter of rigidity. This is a sub- 
ject about which machine tool builders are indeed sensi- 
tive. How many times have we heard the remark that 
steel just won't do where rigidity rather than strength 

* Paper to be presented at Annual Meeting, A. W. S., Detroit, Mich., 
Oct. 16 to 21, 1938, 


t Chief Enginccr and { Supervisor of welding, The Cincinnati Milling 
Machine and Cincinnati Grinders Incorporated, Cincinnati, Ohio. 


is the important consideration? Ina particular case w 
had been using a */,-inch wall section of cast iron. Wy 
calculated the corresponding section in steel, assuming 
that it could be done. Since modulus is the measur 
12,500,00¢ 
30,000,001 
getting 0.3, and then built machines with wall of 
$/s-inch plate. 

We found the structure to be flimsy. It was al 
warped out of shape by too much welding, and the bar 
rod weld-metal deposited was quite brittle and ofter 
cracked. Stress relieving was not understood and was 
often improperly done, if at all. 

What was wrong with our theories? Was not modulus 
a measure of rigidity? Was there no way to produce 
stable structures? Were all steel structures to be noisy 
subject to troublesome vibrations? 

Let us consider what we have learned from our prob 
lems. When we stop and look at our present develop 
ments in welded machine tool structures and consider 
the weaknesses and errors of our first attempts at weld- 
ing, we realize that the error was not in our theories, nor 
was it due to the material we used. The difficulty was 
primarily where we put this material, how we joined it t 
the adjacent pieces, and what steps we took to relieve 
the stresses after fabrication. 

When we first started to substitute steel for cast iro 
we overlooked the basic fact that castings contained 
many ribs, generous fillets and the most vital conditio1 
that is, one section blends into another in such a manner 
that all the surfaces, walls and ribs work together as one 
mass. The common frequency of such a structure is 
quite low, and in addition cast iron does indeed hav: 
much lower response frequency than steel. 

It is well known that cast-iron structures age and r 
lieve their stresses even under ordinary use and conditi 
It is also known that the stress-strain curve of cast 11 
is not linear, namely the proportionality between th 
stress and the corresponding deformation or strain ev: 
at light stresses, does not follow a straight line. Cons 
quently the deformation produced on any structur 
made of cast iron is partly elastic and part of it is plast 
thus resulting in a permanent set. This particular b 
havior of cast iron has been investigated by W. E. Dalb 

In the case of steel, the stress-strain relationship 
represented by a straight line up to the true limit of pr 
portionality, beyond which a slight increase in stress n 
produce considerable increase in strain. Now, if we ha 
a welded steel structure, the stresses which are produc: 
in it due to welding may be of such an intensity as 
subject the structure to deformations obtaining bey: 
the limit of proportionality; therefore, the structu: 
will be distorted, until equilibrium is reached betwee! 
the stress and corresponding strain. 


of rigidity, we tried to multiply */, inch 


t W. E. Dalby, Phil. Trans. Roy. Soc., Ser. A, 221, 1920. A. E. H 
Mathematical Theory of Elasticity, pages 114-115 








str 
In 
th 
tir 


pr 
pr 
pli 
flo 
by 
Sti 
30 
pr 








Wi 
nin 

SUITE 
OO 


) OUI 


sal 
bare 
iter 

Was 


lulus 
duce 
OY 


rob 
slop 
sider 
ve ld- 


was 
it t 


lie 
il¢ 


Vv ¢ 











View Looking Down Into No 
Internal Ribbing 


"LLL! 








Fig. 2—Front View of Completed No. 6 Centerless Grinder Bed. Note 
Smoothness of Joints 


Che additional load, which corresponds to the residual 
stress, will cause a still greater permanent deformation. 
In order to avoid this condition, it is desirable to reduce 
the internal stresses to a point far below the propor 
tional limit. The stress thus obtained, which can be 
called a residual stress, when added to external stress 
produced by a load under use, should not exceed the 
proportional limit; otherwise, when high loads are ap 
plied, we will produce a stress such as to cause a plastic 
flow and a permanent deformation will result If then, 
by some type of stress-relieving process, the residual 
stress may be reduced to some value in the vicinity of 
3000 Ib. per square inch or less, a stable structure will be 
produced. 

In the matter of thermal stress-relief, there is much 
experimental evidence available! to show that if we heat 
a welded steel structure through the correct heating and 
cooling cycle, holding it at approximately 1200° fora rea 
sonable length of time (usually 1 hour,/inch thickness 
the residual stress will be below 3000 Ib. per square inch. 
As discussed above, this value is so definitely below the 
proportional limit for steel that a stable structure is in 


sured. 


Interpretation and Use of Creep Results, by J. J. Kanter, A. S. M rt 
ention The Rupture Strength of Stee at Elevated Temperature 
White, Clark & Wilson, A. S. M. 1937 Convention 

>tress Relief by Annealing, Research Supplement THe Wetpr JOURNAI 


1937 age 3S 


rhe Welding Handbook, pages 403-415 


6 Centerless Grinder Bed Showing 





Chis fundamental and essential difference in the plastic 
flow of cast iron and steel has a most important bearing 
on the use of welded construction 

In other words, if we build a good stable, accurate 
cast-iron machine tool and put it on a foundation that is 
not the best and the foundation settles, the cast-iron 
machine will take a set that is definite. Even if the troubl 
is corrected, the bed will still be out, until it is remachined 


or forced back into plac by a new stress produced by 


clamping and jacking to make it take a new set Steel 
on the other hand will, as shown above, after proper 
stress relief, be permanent unless forced past the pr 

portional limit lake a large str relieved flat steel 
bed, support it on three corners for a definite period 


level it, then check it and it will t have taken a set 
out of flat This is indeed a valuable characteristi 


VALUABLE PROPERTIES OF CAST IRON 


It would not be well for the machine tool builder to 
forget the really wonderful properties of cast iron It is 
an almost ideal material for his purpose from many 
points of view. Its strength is more than sufficient for 
most requirements encountered in machine tool design 
It has a deadening power and a most amazing ability to 
absorb vibration that no other suitable metal possesses 
It has natural internal properties that enable it to 
dampen vibration set up by the various machining proc 
esses. It can be planed or milled to form a “‘way”’ or 
guide surface which is suitable for almost all applica 
tions. You are all familiar with machine tools 10, 20 
and 40 years old whose scraped surface has not worn the 
few tenths of a thousandths of depth of the scraper mark 
Early welded structures used bolted on cast-iron ways 
and such ways are still being used in some applications 
Che rigid and hard requirements imposed on production 
machine tools in high production shops in a number of 
cases has led to the use of hardened way surfaces 
Whether this is justified for ordinary usage is a matter 
much discussed and is now being carefully considered 

This development is having one interesting result 
it reduces the difference in cost between cast iron and 
steel forcertain structures. This meat 


sit has become eco 
nomical to place certain structures in steel which would 
have been made of cast iron because of the cost of apply 

ing separate slide way strips for the steel machine 


THE DESIGN PROBLEM 


The designing engineer in fabricating a machine tool of 
steel has the problem of getting all the essential properties 
into the steel structure that are inherent in a good casting 
the technique for the making of which has been many, 


many years in the development For example, a big flat 
uninterrupted area is considered bad foundry practice 
while such a flat slab is more or k inherent to steel 


Nevertheless, such an area of cast tro definitely more 
dead, more suitable for a machine tool structure than 
the flat steel plate of a correspo! ding size 

The average machine tool designer has worked so long 
with cast iron that to think in terms of steel requires ex 
tra effort. He has to strive to keep from thinking i 
terms of cast iron and then building the product of steel 


It is like a foreign language, one does not become reall) 
proficient in speaking a foreign language until he learn: 
to think in that language rather than think 1n his ow 


then translate it into the other languag 


APPEARANCE IS REALLY IMPORTANT 


Just as the early cars had whip sockets, so early efforts 
in the use of steel construction were along the lines of 
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Fig. 3—End View of No. 5 Centerless Grinding Pistons in Customers 
ant 
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Fig. 4—No. 5 Centerless Used to Rough Grind Pistons in Customer's Plant 


copying cast-iron structures or of going to ex 
tremes in box construction. We now recognize that just 
because a method of design or a style was good when ap 
plied to cast iron, it does not follow that steel is appli- 
cable in a dike manner. True, some manufacturers de 
mand cast-iron shapes for appearance sake and they get 
them in steel, but they pay the price and that price is not 
low. Times are changing; new shapes, lines, appear 
ances, styles are with us. They may seem harsh and 
strange to us today, yet some of them will be the pace 
setters of tomorrow's styles. With as versatile a method 
of manufacture as welding available, we certainly cannot 
be content to build steel machines with lines and styles 
that looked up-to-date yesterday. 

We feel that the proper thing to do is to establish 
styles and appearances that fit into the proper use of 
fabricated steel structures. Figures 1 and 2 are excellent 
examples of the possibilities along this line. This ma- 
chine combines castings and welded steel to make a spe 
cial purpose machine which, while not conventional, cer 
tainly is not displeasing to the eye. 

We find in such machinery as this, that the shape, 
the lines, the massive suggestion of power, or rigidity is so 
definite, so positive that it gives one faith in the finished 
machine tool. You feel that it will function to your 
satisfaction. 
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WELDED MACHINES 
1. Grinders 

A full realization of the inherent possibilities of weldeq 
steel fabrication, so far as our Company is conce1 
came after we designed and built the large CIN( 
NATI No. 6 Centerless Grinder of welded steel. TT) 
a precision centerless grinding machine finishing pist 
for example, to limits of 0.0002 inch for size and rov 
ness. The former cast-iron machine of the same di 
weighed over 9600 pounds for the main frame units along 
which consisted of two pieces. 

This grinding machine was made in two sections by 
cause of the lack of equipment to handle large w 
Even at that, it was not a good casting to cast or 
chine. The up-to-date steel counterpart weighs (6 
pounds and is, of course, in one piece. This machin 
producing finishes of the highest type at an extrem 
rapid rate of stock removal. 

One application of these grinding machines employs 
36 inch diam. wheels, 30 inches wide, driven by a 100 hp f 
motor. The performance of this machine is excellent and 
there has never been any problem of chatter, vibrati 
or any of the other kindred ills sometimes attributed t 
welded steel machine tools. Fig 

Figures 1 through 4 are a series of pictures showing 
how this grinder is built up. The careful placing 
metal exactly where it is needed should be noted, also th: 
pleasing lines obtained by cold bending. This structur raat 
is so worked out that it is extremely rigid, yet its weight 





Fig. 5—Looking Into the End of a Fixed Height Rail Having Built-I: 
pindle Carrier. Used on Machine Shown in Fig. 6 \ 
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Fig. 6—Front View of Special Welded Steel Hydromatic. Only the T | 
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Fig. 7—Bottom View of Light Weight Welded Steel Hydromatic Milling 
Machine Bed After Welding. Note Bracing and Ribbing 


moderate, and we are able to produce it with a saving 
in weight and cost. 


Milling Machines 


What can be done with welded steel milling machines 
where vibration is especially serious and where the aver 
age milling cut would tend to set up chatter? This prob 
lem is especially serious where intermittent cuts are to 
be made using one or more large inserted blade mills. 
Well do we remember one of our early efforts to fabricate 
a Steel rail. It was to be used to carry standard spindle 
carriers for a used milling machine which we rebuilt for a 
customer. The vibration in this steel rail was terrible, 
the distortion under the cut was a disgrace, yet with it 
all the distortion was constant and the machine ran a 
full year. During this time we had learned much and 
when this machine was returned for rebuilding some of 
our problems and our errors were better understood and 
the answers were ready. Even so when considering the 
rebuilding of this machine a cast-iron rail was deemed 
best. 

However, the excessive overhang, the insufficiently sup 
ported heads, the internal ribbing were all radically modi- 
fied. In other words, the features that were really re- 
sponsible for most of the trouble with the steel rail were 
properly taken care of when the rail casting was made. 
In the future, we would make that rail of steel (as we 
have numerous others) and know before we build it that 
it would be satisfactory, that it would weigh less than the 
cast-iron rail, and its construction of steel would carry 
all the interlocking advantages that comes from the 
fabrication by welding of this type of structure. 

More recently, we built a special Hydromatic Milling 
Machine with four spindles for milling the seven sur 
faces of a small two-cylinder engine block. Figures 5 
and 6 show this interesting machine tool. 

Figure 5 is of particular interest because it shows in 
ricate bracing used for additional rigidity. A number of 
shafts and large gears go into the compartment shown 
Che large steel casting is the spindle carrier proper. By 
use of this and the other three steel castings also shown, 
elaborate burning, welding and milling operations are¢ 
eliminated. 


{ 
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Figure 6 is a view of the complete Hydromatic Mill 
ing Machine. We feel that this is a good looking machine 
tool and are told that it is giving excellent results 

In order to know just how rigid a welded machine tool 
can be, three very accurate reading dial indicators were 
placed on the outer corner of the fixed height rail carry 


ing the vertical spindle carriers. The deflection readings 
were extremely low, definitely less than we could hope 
for on a machine with a cast-iron rail designed for similar 


work. The skeptics within our own organization, need 
less to Say, felt much better about welding after this 
demonstration proved that a machine of welded steel 
was indeed very rigid. Further, a careful analysis as 
to the source of the small deflection we did find, taught 
us some things which will enable us to produce a similar 
machine lighter in weight and yet mor 


i Hydro Tel | illing Mac } Lilé 


Figures 9, 10 and 11 illustrate an excellent example of 
a large welded Cincinnati Horizontal Hydro-Tel 
his machine which is of all welded-steel construction mills 
a difficult and interesting job. Present time for milling 
this piece is 8 hours with 45 minutes for hand dressing 
time. The time used to be 48 hours on a good milling 
machine, with 8 hours hand dressing time 

This bed is in one piece, eliminating the making of a 


bolted joint, yet its weight is moderat« he internal 
ribs are distributed according to the rigidity require 
ments at that particular section. We can build a bed 


10, 15, 20, 25 feet long using the same equipment and 
design. In short, the sales department may sell a ma 
chine exactly suited to the customer’s needs, and whether 
it is 10 or 25 feet long, we can fabricate it with equal 
facility. This has been our practice*’and is well exempli 
fied by the use we have made in building the Hydro-tel. 

We have built numerous machines with details partly 
or completely of steel. Figures 7 and 8 are views of 
another special steel bed Hydromatic Milling Machine 
The Spindle Carrier is made as a casting because it is 
rather intricate. A casting was economical to use, 
especially so in this case, because more than one was to 
be made. 


4. Hvydro-Broach Machines 


Broaching machines, single ram, double ram and large 
horizontal types all have set a new pace for production 
and accurate machining of plain and curved external sut 
faces. While their application is only in its infancy, a 
list of their users reads like a directory of the industrial 





Fig. 8—Completed Hydromatic Machine. See Fig. 7 for Base. Consists 
of Cast-Iron Spindle Carrier with Intricate Ribbing and Brackets, Steel 
Spacer, Steel Bed and Steel Table 
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Fig. 9—Upsidedown View of Hydro-Tel Base, Showing 
Rib Construction Prior to Placing of the Bottom Plate 


mass production shops. Parts ranging from auto door 
safety catches broached at 1200/hour on up to 8 cylinder 
motor blocks at 60/hour are all being broached today 
with machines having capacities of 2 to 150 hp., respec 
tively. 

How far welding enters into broaching machine con 
struction is worth investigating. From beginning to end 
the construction of these marvels of modern machinery 
require welding. 

Figure 20 shows what is probably one of the most 
nearly ideal welded machine tool beds it is possible to 
build from a cost point of view. It consists of 2 stand- 
ard angles and a standard I beam. A few ribs of */,- 
inch plate are welded into the bottom and 14 supporting 
feet are welded on. The amount of labor per pound of 
material is abnormally low, yet the rigidity is everywhere 
it,is needed and in the correct plane. 

The advantages of having such a design are numerous. 
Stock material is used and the cutting waste is very, very 
small. The component parts fit together without effort. 
A casting to replace this welded structure and do the 
same job would be difficult to cast and would be of 
doubtful stability over such a length, unless the depth 
of section is increased considerably. 

Let us consider the giant cylinder block broach. As 
pointed out earlier, rigidity is vital, yet these machines 
are 33 feet, 10 inches long! 

Figures 14 through 20 show this machine in various 
stages of construction. 

The rough bed after welding weighs 26,000 Ib. It is 
worth mentioning that it is cleaned up in */% inch over 
the entire flat surfaces. A cast-iron bed for this ma 
chine of satisfactory rigidity would weigh 39,900 to 
45,000 lb. The trouble with making a cast-iron bed of 
this size is the difficulty of making such a casting. 

These welded machines contain cast iron, sheet steel, 
steel plate, steel castings, forgings and heat-treated alloy 
parts; each form of metal applied where it is best suited 
to do the work required of it. The material chosen is 
dictated by its mechanical properties and the relative 
merits of each for the work and service that it is called 
upon to perform. In other words, our engineers are able 
to select the best material for each application. 
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Fig. 10—Hydro-Tel Headstock, Showing Finished 
Painted Structure Prior to Machining 


Chen, there is the broach work fixture for handling and 
holding the block. Strength as well as rigidity is of 
vital necessity here, yet it must have some pretty big 
openings, at embarrassing places for the cylinder blocks 
piping, dust removal and operating details. In addi 
tion, the casting of the fixture would be complicated by 
the fact that each machine of this type is usually special 

In working out the operations, minor changes or r 
arrangements may be necessary. With steel, by the 
most carefully controlled procedure, we may make or en 
large openings or we can close up holes or move lugs and 
bosses. In other words, with welded steel fabrication, 
we have a freedom in design and manufacture that the 
engineer limited to cast iron can only dream of and hope 
for. 

Then there is the hydraulic oil piping. To make 
screwed fittings for work of this nature would not only be 
quite expensive, but difficult mechanically, if not im 
possible. This piping is gas welded and the quality of 
such joints is well known. The chip troughs, oil catchers 
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Fig. 1l—Showing Hydro-Tel, Consisting of a Welded Bed, Column and 
Special Steel Rectangular Overarm, Making a Type of Cut Prone to Set 
p Unusual Vibration 
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Fig. 12—View of the Main Structure of a Single Ram Hydro Broach 
in Front of the Machine Used to Form It 


and numerous other accessories so necessary to machine 
tools are bent up and welded. 

No, there isn’t much of a question, but that even the 
most ardent advocate of cast iron will grant that welded 
steel plays a really vital and necessary part in the con 
struction of machine tools. 


WHAT DETERMINES THE USE OF CAST IRON 
OR STEEL? 


After all is said and done why should we use welding 
in machine tools? There are many reasons, but they all 
boil down to just one; namely, that it is good, very good 
economics to weld certain types and classes of machine 
tools and details. There are machines whose inherent 
design features are such that cast iron is the proper ma 
This group includes ma 


terial for their construction 





Fig. 13—View of Completed Single Ram Broach. Main Member Shown 


in Fig. 
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chines built in large quantities and intricate in nature 
Here cast iron is so completely suitable that other ma 
terials are not competitive in their present state of de- 
velopment. At the other extreme are special or semi 
special structures which we cannot afford to cast for any 
of the numerous reasons stated in this paper. But the 
most important group of all, consists of the border line 
cases which were cast iron and which we have been chang 

ing over to steel as our knowledge and equipment ex 

pands. Strange to say, this last group is far more im 

portant to the welding shop than those machines that 
are definitely steel structures. The reason for this ap 

parent abnormality, is that without obtaining much of 
the load for the weld shop that this competitive group 
carries, the weld shop and its personnel is seriously handi- 
capped by two conditions. First and most vital is the 
lack of equipment. With a minimum of equipment a 
fabrication shop can build a machine tool base, column 
or rail for 12 to 14¢ a pound. On the other hand, a 
similar design, but one quite differently detailed and built 
using a reasonable amount of standard machinery such 
as plate shears, press brakes, punch presses, hydraulic 
presses, nibblers, circle shears, power cold saws and other 
machinery of this type, will be built for much less. 

As foundry casting costs have gone up in recent years 
from 4 or 5 cents per pound to 6, 7 or 8 cents per pound 
the welded structure has become more and more com 
petitive. While some factors have tended to increase 
welding costs, the actual finished cost of welded struc 
tures has been definitely on the down grade. This has 
been brought about bydesign trends and increased knowl 
edge on the part of the engineer and the shop. The 
use of press brakes has been a very definite factor not 
only in reducing our costs but in infproving the appear 
ance of our machines. 

Considering the fact that a steel structure properly 
designed and worked out in the shop will be 20-40% 
lighter in weight than a casting for the same purpose, the 
spread in cost that has existed between certain types of 
castings and the welded structure has decreased and in 
some cases passed the equal point 

here are many different problems confronting the 
iron foundry today. For example, steadily rising costs 
due to many factors such as dust control, smoke preven 
tion, labor problems and over-all costs. According to 
May 1938 issue of “‘Factory Management’ labor cost 
runs from 20 to 25% of the total cost in fabrication shops 
while in the foundry it runs from 35 to 45°% of the total 
costs. With the present labor trends, this becomes a 
really important factor. True in the modern mechanized 
foundry every effort is being made to reduce these costs 
and above-mentioned troubles. However, almost all 
efforts along this line increase the overhead seriously 
hus, we have the situation wherein modern trends are 
working together to make steel structures more and more 
competitive with cast iron 


THE PROBLEM OF SPECIAL STRUCTURES 


In all kinds of machinery construction, there always 
exists the problem of special structure 

The cost of making patterns for many large special 
structures, where only one or two will be required, is pro 
hibitive The delivery of a steel bed machine will be 
two to four weeks better than the cast-iron machine 
The pattern alone will take as long or longer to build 
than the welded steel structure and cost much or more 
The cooling in the pit adds about another week to the 
time required lo put it another way, we have found 
that the large welded bed can be completed by the time 


Fig. 14—-Making Last Bend on Main Plate for Large Hori- 
zontal Broach 


Hydro-Broach 


Fig. 15—Lining Up the Main Plates of the Large Horizontal 





Fig. 16—Upper Set of Ribs Installed on Large Broach 


the shop can build the important subassemblies. The 


bed would be in one piece and would be some 20 to 40 per to study the drawing. 


Fig. 17—Machining the Bed of the Large Cylinder Block 


roach 


cent lighter than the equivalent casting. The casting contact is necessary even before the pattern is mad 
would be made in two or more pieces so as to fit into The foundry superintendent and foreman have to work 
flasks or else it would be a pit job with all the trouble out the risers, the gating, special vents and the rigging t 


that entails. 
When a steel bed is welded we know it is going to 





Fig. 18—Fixture in Use on Cylinder Block Broach Fig. 19—Complete 


42 THE WELDING JOURNAL 


hold the top down on the pit jobs. 
cores are made, an excessive amount of supervisiot 
be all right the first time. There will be no core shifts, necessary in order to put the mold together. 
no hard spots or spongy iron. With a large special cast- contact man from the pattern shop is required to | 


Machine Finishing Cylinder Blocks 


After the pattern ai 


ing, the problems start when the pattern foreman begins 
Quite a bit of engineering sh 


Generally a 


Cincinnati Horizontal Hydro Broaching 
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Fig. 20—Welded Horizontal Broach Bed. Illustrating a Simple 
but Effective Structure 


set the cores. After pouring the casting, it is necessary 
to wait three days to a week for it to cool before digging 
it out of the pit. With the cores inside, it may be too 
heavy for the cranes to lift out of the pit. If the casting 
is bad, nearly two weeks is lost on the delivery. 

Naturally the percentage of scrap and rejects on large 
special castings will be higher than on standard ones. 
When the cost of the scrap is distributed over the special 
castings required, the advantage of welding such struc 
tures becomes more apparent. 

In other words, given the proper machinery and tools 
which are recognized as the correct equipment for proc 
essing the steel, the welding shop will produce machine 
tool structures which should be welded, at a cost which 
will be strictly competitive with cast iron. Then, with 
the cost in line so that the economics of the weld shop 
justifies a larger percentage of the border line load, a 
large enough organization will be established so that 
when special machines that must be made of steel come 
along, their construction can be completed quickly for 
the short delivery which is so desirable on special ma- 
chinery. The cost will then be little more than on 
standard machines and well below the cost of structures, 
built with the minimum of equipment. 

There is another aspect to this problem which is often 
overlooked. With a steel structure we have the flexi 
bility of being able to make preliminary tests and minor 
changes to meet new or unanticipated changes in the 
part being machined for, or in the machine tool structure 
itself. Plates, braces, ribs, passages, details of all kinds 
may be added where they are needed. This flexibility, 
this freedom in construction, is especially valuable on 


jobs where there is no time for models or extensive pat 
tern developments. It makes special machinery more 
economic where standard equipment would do, but is not 
wanted for any one of many reasons 

In some special cases the problem of anticipating all 
the conflicts and interferences of the component parts is 
so difficult that even on standard machines it is good eco 
nomics to build the first few parts or machines of steel 
After the bugs are all ironed out, first class pattern equip 
ment can be built with confidence, knowing that it 
won't be ruined by changes here and there. While such 
a condition is not prevalent, it does happen and this ap 
proach to the problem certainly expedites the getting 
into production with the minimum expenditure of time 
and money. 


DESIGN ADVANTAGES 


Knowing steel and cast iron as we do, knowing the 

advantages and limitations of each, realizing that each 
must be properly applied if we are to give the customer 
the best possible machine for his work at reasonable 
price and at the same time make a profit, we know that 
the direct result of changing from cast iron to proper de 

sign and construction of steel results in either reducing 
weight or increasing rigidity, whichever the designer 
chooses—usually he desires both. It should not be 
overlooked that with steel, the engineer does not have 
to thicken up a wall here or modify a corner there or com 

promise in another location, all for casting reasons. He 
does not have to worry the whole time, as to whether he 
is going to get a good casting the first or even the second 
or third trial on some difficult structures. He knows that 
if some structural problem does develop, the cutting torch 


or arc welding rod will solve it for him He knows that 
the strength and ductility of weld-metal today is such 
that he can depend on this struéture not failing in 
the welds. Of course, the welding pract ce, same as 
the foundry practice, must be right in every sense oi the 
word. The supervision must be trained and with the 
proper background of good mechanical knowledg: Phe 


welder cannot be just the first individual who comes in 
looking for a job. Many times even good welders mu 
be checked on and guided in their work, to keep the 
quality of their output the best 

When we take the long range view of the question of 
welding as applied to machine tools, we realize that there 
will be opportunities to build machines which will be 
reasonable in cost and at the same time that will match 
the performance of equipn 
Therefore, the use of weldin;s future constructions 
depends largely upon mechanical suitability of the ma 
terial for a particular application and its ability to equal 
or get below the cost of cast-iron designs 


ent built with cast iron 





Welding and Cutting in Machinery 
Construction 
(Continued from page 30 


punching and shearing operations on bars, angles, 
shapes and plates up to */, inch thick by 10 feet wide; 
on through the forming operations on presses capable of 
handling plates up to */, inch in thickness and 14 feet 
in width; through the necessary rolling operations which 
completes the preparatory work on material prior to 
assembling. There is then shown the assembly of these 
prepared parts, in a great many cases including steel 

stings where economy rules the necessity of using 

ume, on to the welding operations showing all welding 
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WELDING OF MACHINE TOOLS 


being done in position. At this point there is shown 
films made at a speed of 2400 frames per second of the 
are in operation both D.C. and A.C., presenting a rare 
opportunity to see what actually takes place at the time 
the weld is made, down the line to the necessary grinding 
operation for the desired finish, through inspection to 
the stress-relieving ovens (in color) then shot blasting 
to remove scale, through the final grinding operations 
and inspection he picture moves on to the machine 
shop showing machine operations of fabricated steel 
parts without any reduction in cutting or feeding speeds 
over cast iron due to the proper selecti ind heat treat 
ment of material used up to and including painting of 
the finished product. 














MACHINE GAS CUTTING IN A LARGE 





By W. E. MURRAY} and H. E. HORWOOD} 


OR some unknown reason the steel foundry has not 
Pr employed machine gas cutting to the extent it is used 

by other steel industries. Probably the main reason 
for this is that the diversified nature of the castings does 
not lend to quick set-up methods, which are absolutely 
essential in machine cutting operations. The manufac- 
turers of oxyacetylene cutting machines have ever been 
ready to experiment but close cooperation from the 
foundry executives has not always been present, with 
the result that very little progress in this field has been 
made. 

The largest steel foundry in Canada is operated at 
Montreal by the Canadian Car & Foundry Co. Ltd. 
This foundry has a capacity of 4000 tons of miscellaneous 
steel castings per month, ranging in size from '/» pound to 
100,000 pounds per casting; in shape from a wing nut 
to large ball mill housings and turbine runners. 

When machine gas cutting was first suggested to the 
foundry officials some years ago, it was not looked upon 
favorably. It was thought that owing to the varied shapes 
of the castings no savings could be effected, as special 
set-ups would be required for each type of casting. How- 
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Fig. l1—Making a Curved Cut with Radiograph Using Guide Rollers 


Steel Foundry 
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Fig. 2—Roll Housing Casting 





ever, in 1947 experimental cuts were made on large risers 
of about 20 inches in thickness, using a Radiagraph cut 
ting machine. This machine has in all probability bee: 
seen or used by most of you gentlemen. It 
portable machine weighing about 65 lb. Our Fig 
lustrates this. It will be noted it has universal movement 
of the torch, very desirable, as quick adjustment is very 
often required. This first experiment, although not 
outstanding success, did convince those present that 
machine cutting had a place in the steel foundry if pr 
erly applied. 

It was then decided to make a real test of machin 
gas cutting with a view of reducing cleaning room costs 
The results so far have more than justified our faith i: 
this method of riser cutting, and the cost reduction has 
been greater than anticipated. Cost reduction on mis 
cellaneous castings is running 25 to 30 per cent on grind 
ing and 30 to 40 per cent on oxygen consumption, with 
corresponding reduction in labor costs 

It was realized that if progress were to be made, quic! 
set-up methods would have to be found as time saving 
was a very important factor. 

To determine if cutting costs could be reduced by using 
a Radiagraph in preference to hand torches, our first job 
was to remove six large heads from a roll housiag casting, 
weighing in the rough approximately 85,000 pounds 
Figure 2 illustrates this huge casting. Two of the risers 
(B on sketch) Fig. 3, have been cut and removed. Th: 
other four have been cut but left in position for phot 
graphing. 

Figure 4 gives the dimensions and shapes of the head 
All risers were undercut (excepting those marked ( 
prior to machine cutting. The maximum thickné 
penetrated by the machine torch was 19 inches. A 
cutting was done with a three-hose torch, operating in 
horizontal position. Casting temperature at commenc 


is a small 


D 


t 


.ment of cutting operations was between 600° and 800° I 


It would appear that starting operations on a castin 
of this nature was like putting the cart before the hors 




















Fig. 3—Roll Housing with Two of Risers Removed 


But usually the salesman or promotor of any new process 
procedure has such obstacles placed in his way: if 
they can be overcome, the rest is easy 


Table 1—Cutting Data—Roll Housing Casting 


Riser Area Machine Cutting Time 
Head Cut Minutes Second 
in. x 191n 14 
right 26 in. x 19 in 1] 17 
B, left 26 in. x 19 1n 20 shrink hole 
right ll in. x 17 in + 
lef ll in. x 17 in 6 45 (sand 
) Soin. x 19 1n 10) 
The total cutting and setting-up time for the six heads wa 


Table 2—Gas Consumption—Roll Housing Casting 


Cutting oxygen 2390.4 cubic feet 
Preheating oxygeti 155.6 


Total 9546.0 


Acetylene consumption—not computed 


Cutting operations were performed in late January 
during severe winter weather. Pressures of oxygen cylin 
ders were down to 1745 pounds per square inch, and our 
‘onsumptions are based accordingly. On this basis total 
oxygen consumption was 13.3 cylinders 

Three of these castings were machine gas cut at weekly 
intervals. The oxygen consumption in each instance 
was almost identical. However, cutting and setting-up 
time was reduced to 7 hours 





Fig. 4—Roll Housing Casting after Cutting 
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5—Set-up for Miscellaneous Castings wit! 


Table 3—Machine Cutting Data—Roll Housing Casting 


Radiograph 


Table 4—Operating Pressures—Roll Housing Casting 


Gas 


\T 


} ir 
via 


Cutting oxygen 


Preheating 
Acetylene 


OxXVeen 


Table 5—Cutting Speeds—Roll Housing Casting 
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EQUIPMENT USED 


Radiagraph, operating on 220-volt A.C. 

‘Three-hose cutting torch, employing Nos. 8 and 10 
tips. 

20-cylinder oxygen manifold with two heavy duty two 
stage reduction oxygen regulators, operating in parallel. 

Two stage reduction oxygen regulator on preheating 
oxygen cylinder. 

3-cylinder acetylene manifold with two stage reduction 
acetylene regulator. 

/,-inch hose for cutting oxygen and °/;.-inch hose for 
preheating oxygen, and acetylene gases. 

Figure 4 shows the roll housing casting after cutting. 
The net weight was 53,400 pounds. The cut surfaces 
have been covered over with sand to retain the heat. 
The finish of the cut surface was remarkably smooth 
for the thickness cut. 


SET-UP FOR PRODUCTION MACHINE GAS CUTTING 


The results obtained on this housing casting called 
for immediate consideration of employing the Radiagraph 
for riser cutting wherever possible. 

Orders had been received at the foundry for all the 
steel castings for 2000 freight cars, which demanded 


pt . 





Fig. 6—Striking Plate Castings on Conveyor Line for Machine Cutting 


production methods. The management worked out 
many time-saving set-ups. After several discussions it 
was decided to use conveyors to bring the castings to the 
machine, and thus keep it operating continuously, and 
eliminating adjustments for each casting. 

The main set-up for production cutting of miscellane- 
ous castings is as shown in sketch, Fig. 5. This set-up 
requires a tunway table, A, for the Radiagraph, which 
has grooves machined in the runway in several positions 
running lengthwise and crosswise. In front of the run- 
way is roller conveyor, B, also turntable, C, which is 
equipped with roller conveyor. With this arrangement 
it is possible to cut vertically and horizontally, also 
lengthwise and crosswise of the casting. Where it is 
required to cut on the casting beyond reach of the torch, 
the casting is rolled back, turntable reversed, bringing 
the cut within the reach of the Radiagraph. 

It will be noted from this set-up that a great many 
combinations can be obtained, and the operation of the 
machine can be made without lost time, thereby speeding 
up production. This set-up is particularly applicable 
to miscellaneous steel foundry work. 

Figure 6 illustrates striking plate castings on the con- 
veyor line. This set-up is used for cutting riser heads 
from center brace, striking plates, draft gear cylinders, 
draft gear shoes, draft gear wedges and Cardwell draft 
gear castings. 
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Fig. 7—Sketch Showing Dimensions of Striker Plate Casting 


In removing riser heads from the castings enumerated 
(excepting shoes and wedges) two machines are employs 
and a four-man crew. The conveyor line is served by 
two jib cranes, one used in feeding the conveyor, the 
other in removing the finished castings. Cutting is done 
from both sides of the conveyor line simultaneous! 
The two helpers operate the cranes and spot the cast 
ings. It will be noted from our illustration that the cast 
ings are placed on plates to facilitate movement on con 
veyors and to speed up spotting of castings for cutting 

A sketch of a striker plate casting with dimensions a: 
locations of heads is shown in Fig. 7, and one of the center 
brace casting with dimensions and location of heads 
Fig. 8. 

Fig. 9 shows Cardwell draft gear housing castings 
the production line. A homemade machine is illus 
trated but this set-up is not now employed, as these cast 
ings are also run through on the set-up shown in Fig 
Fig 10 is a sketch of a Miner Draft Gear cylinder cast 
ings. In Fig. 11 are shown Miner draft gear shoes o1 
the production cutting conveyor. Note the type of 
employed for holding these small castings 
jig is also employed for holding the draft gear wedg 
Sketches of the draft gear shoe and wedge castings givit 
dimensions of the riser heads appear in Fig. 12. 


Table 6—Production Records 


Total Sq. In 


Casting Quantity Heads Total ¢ 
Center brace 64 256 2048 
Draft gear cylinders 216 648 3780 
Striking plate 101 303 2273 

Totals 381 1207 S101 


The total number of castings in Table 6 were cut 
eleven hours, by two operators and two helpers. 


J ge} 2 Neck - 2" wide 
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Fig. 8—Center Brace Casting 
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Fig. 10—Miner Draft Gear Cylinder 





Fig. 1l—Miner Draft Gear Shoes on Production Conveyor 


Production on draft gear shoes, Fig. 11, is at the rate 
of 115 per hour, and on the draft gear wedges, 60 per 
hour; two-man crew, operator and helper. 

Cardwell draft gear housings, Fig. 9 are cut at the rate 
of 43 castings (86 heads) in forty-four minutes; two 
operators and two helpers being employed 

All production figures are authentic, having been cart 
fully checked by the chief checker of the foundry. 

A heavy preheat tip size No. 4 is used for the castings 
mentioned, at the following oxygen pressures; Draft gear 
cylinders, 55 pounds; striker plate castings, 70 pounds; 
and center brace castings, 60 pounds. The acetylene 
pressures were 4 pounds in each instance. 

Fig. 13 shows a sketch of a driving-box casting. The 
pads are removed with the Radiagraph so smoothly and 
accurately that grinding has been eliminated and chip 
ping is now only a minor operation. The back of the 
pad is undercut with a hand torch as indicated at ‘‘A,”’ 
to prevent gouging due to thinness of metal at this point 
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rhe castings are cut at the rate of three per hour (six 
pads). Oxygen pressure 120 pounds and Acetylene, 5 
pounds. 

Machine gas cutting of heads and pads from gears pre 
sented a problem but due to the ingenuity of the foreman 
in the cleaning room, a turntable was designed and built 
to handle gears from 12 to 72 inchesin diameter. Figure 
14 shows clearly the design of the turntable and the pro 
cedure employed in spotting it on the work table for the 
various sizes of gears. The Radiagraph is mounted o1 
the operating table, and the radius rod is employed as in 
dicated. When one head is removed, the turntable is 
easily and quickly revolved to place the next head in line 
forcutting. By this method the Radiagraph only travels 
the length of the head being cut and is then free-wheeled 


back to start the next cut Details of the procedure 
follow 
rhe gear casting ‘‘A’’ is mounted on spacers ““B’’ which 


are in turn mounted on turntable ‘‘C Che purpose of 
the turntable is to revolve the gear casting “‘A’’ to bring 
the several pads in line with the torch A center-pin “D 


is securely fastened to operating table E,”’ and the 
center-pin is provided with a center upon which the 
radius rod ‘“‘F’’ revolves. Wheel ‘‘G’’ only rides on the 
table ‘‘/7”’ as is standard practice for circle cutting 

Table “£”’ is provided with a series of holes into 


which the center-pin “‘D”’ is fastened and the location of 
these holes ‘‘/”’ are so arranged as to accommodate the 
various diameters of gears to be cut [his whole set-up 
is installed on a cement floor, and the operating tables 
“FE” and “H”’ are accurately leveled 

When heavy cuts are made and it is found necessary 
to raise the torch beyond machine capacity, rails are laid 
on table ‘“‘/7”’ over which a inch plate is placed to pro 
vide a runway for the Radiagrapl. With this set-up it 
is possible to make a very close cut, reducing grinding 
costs 40 to 50 per cent rhe cutting of risers and pads 
from gears is a one-man operation 

Our only problem now is the removing of the center 


Fig. 12—Draft Gear Shoe and Wedge 
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Fig. 13—Drawing-Box Casting 
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Fig. 14—Set-up for Cut- 
ting Pads from Gear 
Rims with Radiograph 





head riser from gears. These heads are usually cored, 
and generally have to be cut by a hand torch as they 
must be cut flush with the gear hub. The hub is usually 
recessed below the rim. We are working out a precedure 
for this operation, and we believe the solution is to use a 


Fig. 15—Main Operating Station 


special long bent torch, and probably a bent tip as well 
The turntable for this operation will be mechanically 
operated by means of a worm drive. 

Tips 7 inches long are used in removing the risers from 
the gears to permit them being cut as flush to the casting 
as possible. 

Fig. 15 is a picture of the main operating station. It 
shows riser heads being removed from a locomotive cyl- 
inder head casting on turntable. This operating sta- 
tion is also served by a jib crane and air-hoist. The 
twenty cylinder manifold is used only when cutting large 
heads but generally torches are operated off the oxygen 
and acetylene lines. 

It is contemplated that 50 per cent of the general ru 
of castings will in future be machine gas cut. Many 
other time saving jigs and fixtures will be worked out. A 
contemplated change is having the main operating table 
mounted on hydraulic jacks to speed up raising and 
lowering, when switching from small to large castings 
and vice versa. 


AUTOMOBILE BODY WELDING 





By EARL H. FOSSt 


HE last fifteen years have provided us with a 
I transition from wood to steel body structure. In the 
early days, as steel began to creep into the picture, 
welding was far removed from a science and was regarded 
merely as a means to an end. No thought was given to 
the technique of the welding operator and less thought 
was given to process methods and equipment. As it be- 
came apparent that a steel body was the most suitable with 
which to equip an automobile, it also became apparent 
that a sturdy, rapid means of fabrication was necessary. 
The realization of this caused the birth of welding as a 
science in the automobile industry. Manufacturers of 
welding equipment and supplies appropriated time and 
money for research, and individuals labored hard and 
long to perfect methods of fusing together separate parts 
of sheet metal into a single unit. It is through their 
efforts that welding as a science holds a position of 
supreme eminence in the body industry of today. 
Although we take the liberty of admitting that present 
body welding is a pretty high class piece of work, we 
should by no means feel that we have reached the ulti- 
mate. New sizes of sheets from the steel mills, new struc- 
tural details off the boards of the designer, new demands 
of a critical public and the ever present slogan of engi- 
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neering ‘‘do it better at lower cost’’ demand new welding 
processes as well as better procedures for old methods. 

Without welding developed as a science, it is doubtful 
if mass production could be accomplished. Without the 
aid of welding, the body designer would not be able to 
give us the present body with its full flowing lines and 
rounded contours. Without welding, the public would 
not have the advantages of a rigid body combining 
comfort, safety and beauty. 

While the rapid advancement of welding technique has 
made possible the all-steel body, the likewise rapid prog 
ress of welding control has assured success in quantity 
production. We do not propose to minimize the im 
portance of the welding operator—a good operator is 
essential to any job. However, in both theory and prac 
tice it has been proved that greater economy, speed and 
uniformity of product can be obtained through control 
of as many variables as possible by the welding engineer 

If it were not for accurate control, electrical resistance 
welding, which plays a major part in present-day body 
fabrication, would provide numerous headaches for the 
designer and welding engineer, as well as the public who 
ride so safely and comfortably in the body of today. Two 
types of resistance welding are generally used, namely 
butt welding and spot welding. In the body business 
butt welding consists of holding two steel sheets in a 
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device that is both a welder and a jig which presses these 
pieces together while heat is generated by a high electric 
current passed through the area of contact. This type 
of weld would lack uniformity and limit a high rate of 
production if it were not for well-developed regulatory 

features that synchronize as well as control the current 

and the successive pressures that are applied. Spot 

welding has proved to be a great boon to the production 

engineer. This apparatus consists of a transformer, a 

ready supply of air pressure and copper alloy electrodes, 

and is so designed that it will weld at the rate of eighty 

to one hundred and fifty spots per minute. The trans- 

former furnishes a high current at low voltage to two 

electrodes which are brought together on a lap seam of 

two or more sheets by air pressure. Accurate relays, 

switches, valves, etc. control the time cycle so that the 

proper amount of current is kept on the proper length 

of time at the right air pressure. Through absolute con- 

trol of timing, current and pressure in resistance welding, 

the engineer can be assured of greater electrode life, good 

quality in welds, minimum surface oxidation, less surface 

deformation, wider application to alloy welding and 

speeding up of production. We have another form of 

welding in our shop that is a modified type of spot weld- 

ing which we popularly call ‘“‘indirect welding.’’ This is 

used on the door panel and permits us to weld the inner 
panel to the outer door without marring the surface. 

We have found it profitable to employ a butt welder 
for salvage work. Small pieces of scrap steel which were 
formerly sent to the baler are now salvaged by flash 
welding and used for pillar reinforcement brackets and 
trim sticks. 

As in all present day manufacturing, the oxyacetylene 
process adapts itself very well to the automobile body 
industry. Whenever we think of large quantities of in 
stantaneous heat, we think of the blowpipe whose flame 
develops temperatures as high as 6300° F. With recent 
developments manufacturers of oxygen and acetylene 
have given the industry many new features in control 
and distribution of gases. Time, space and expense are 
no longer lost through handling cylinders on the produc- 
tion floor. The present body plant has central distribu- 
tion points for both oxygen and acetylene. The gases are 
delivered through pipe-lines to welding outlets at ac- 
curately controlled pressures. An oxyacetylene installa- 
tion of this type permits us to use the gas as easily as we 
use water, electricity or air. This system not only per- 
mits greater economy and safety but also allows the 
welding engineer to maintain close control over a large 
group of operators. 

The public, who have taken so kindly to the automo- 
bile, regard the body entirely in the aggregate. It is an 
object of some beauty, is sturdy and comfortable and 
furnishes ample protection from the wind, the rain and 
the cold. However, the body and welding engineers see 
an automobile body as a complex object of many indi- 
vidual parts, each part presenting a separate problem in 
design and fabrication. 

The completed steel body is composed of several sub- 
assemblies, each being taken care of as an individual 
product until all subassemblies meet on the final line at 
which point the body begins to take form. Fenders and 
motor hoods are manufactured as quite separate units 

often being manufactured in outside plants) and are 
placed on the body only after all the other work has been 
completed. The finished body has about five thousand 
welds. 

It may be of interest to point out the precautions taken 
with the metal parts before they reach the subassemblies. 
lhe surfaces are protected with either a soap solution or 
graphite powder during progress through the press line, 
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thereby assuring us of surfaces which will require a mini 
mum of metal finishing. 

rhe roof assembly consists of a drip moulding, the wind 
shield frame, the rear window frame, ventilator lid and 
dome light bracket as well as the large single sheet that is 
pressed out to form the roof itself. A total of fourteen 
parts are incorporated into this assembly requiring three 
hundred and twenty resistance welds and two oxyacety 
lene welds. 

Adaptation of an all-steel roof to body construction has 
simplified many problems connected with the side as 
semblies. Thirty parts ranging from the small clips on 
the window frame and wheel housing to the rear quarter 
panel pass through the hands of the welder on the way 
to the side assembly jigs. With precision gages and air 
controlled clamps the parts are held in place and fused 
into a single unit with a total of two hundred and eighty 
welds. 

The front end assembly which is composed of forty 
three pieces is recognized in the industry as the unit that 
takes more stresses and strains than any other. More 
than four hundred resistance welds are required in fabri- 
cation, these being supplemented by oxyacetylene and 
arc welds at the toe board riser and front pillar. Periodi- 
cally the welded unit is placed on a surface plate to check 
for alignment, and on the racking machine to test the 
quality of welds. 

We are all aware of the fact that in early body con- 
struction most squeaks emanated from the doors. Im- 
provement in both design and welding has gone a long 
way in reducing these disagreeable noises in the body of 
today. A total of fourteen parts comprising inner and 
outer panels, regulator panels, cover brackets and many 
reinforcements and strainers take one hundred and fifteen 
welds to make the door of sounti construction Phe 
window flanges are bronze-welded and the hinges are 
riveted and arc tacked into place 

The underbody assembly is made up of three main 
sheets heavily ribbed in the stamping operation to give 
rigidity. One hundred and ninetee1 
form fifteen parts into a single piece 

The final assembly is effected in a large ‘“‘buck.’’ Her 
the subassemblies are united by welding after they have 
been located and securely clamped. At this point in the 
construction of the body oxyacetylene welds and ar 
welds are used quite extensively to secure the underbody 


welds are needed to 


and the door posts, as well as some of the heavier rein 
forcements. As the body advances down the line many 
smaller parts are added such as gussets, header rein 
forcements, tail panels, etc. For this, the small gun type 


spot welders are used 

We have observed that a gun welder is used about 
twenty-five per cent of the total job time; seventy-five 
per cent of the time being used for loading and unloading 
fixtures and locating and clamping the panel where fix 
tures are not used. As a result of this, we find it ad 
vantageous to perform different operations in sequence 
and use multiple gun units as much as possible. This 
facilitates production and saves cost of separate trans 
formers, contactors and timers for each gun. 

When the body leaves the final assembly line, all weld 
ing has been completed and the welding engineer is 
through with that particular unit. The metal surfaces art 
finished and the body is washed and sent to the paint shop 


I 

A paper on body welding would seem incomplete with 
out some mention of the importance jigs and fixtures 
If we did not have benefit of accurate means of lining up 


the individual parts for welding and holding these parts 
during welding, I shudder to think what shape a body 
would take upon completion. Jigs and fixtures are a neces 
sity placed on welding by today’s standard of production 
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By A. W. WEIR! and H. M. WEBBER: 


ERTICAL fire tube type boilers installed on pas- 
VJ senger-electric locomotives to furnish steam heat 
and hot water for trains operating over electrified 
zones of the New York Central System are equipped with 
copper tubes mechanically expanded into steel heads. 
Figure 1 shows a typical construction. Copper has been 
chosen as the material for the tubes because of its high 
thermal conductivity and resistance to corrosion, and 
the heads are made of */,-inch steel for strength. A 
number of different methods have been developed for 
fastening the tubes to the heads; the one employed at 
present consists of expanding the ends of the tubes, bead- 
ing and installing ferrules. The boiler is oil fired, with 
the products of combustion traveling up through the 
tubes and with water and steam surrounding the tubes. 
A stack at the top exhausts the products of combustion. 
This type of boiler is capable of starting with cold water 
and building up to a steam pressure of 225 pounds per 
square inch within six minutes. Other performance 
data, and specifications, are as follows: 


BOILER PERFORMANCE DATA 


Evaporation (by test) 
Safe working pressure 
Firebox heat release 

Firebox temperatures 


6800 Ib. per hour 

225 Ib. per square inch 
368,000 B.t.u. per cu. ft. per hour 

2600 to 3000° F. 


TUBE SHEETS 
48 inches 


*/, inch 
Boiler Steel N. Y. C. System Spec. 1002 


Diameter 
Thickness 
Material 


Chemical Composition 


Carbon 0.12—0.25 per cent 
Manganese 0.30—0.50 per cent 


Sulphur not over 0.04 per cent 
, { Acid not over 0.04 per cent 
Phos. < ; ae 
{ Basic not over 0.035 per cent 
TUBES 


Thickness—No. 18 Stubs’ gage (0.049 inch) 
Outside diameter—*/, inch 

Length—35*/, inches 
Material—Phosphorous-deoxidized copper 
Number of tubes—1237 


OBJECTIONS TO PRESENT CONSTRUCTION 
Since the copper tubes are mechanically fastened into 


the steel heads of the boiler, the difference between the 


* Paper to be presented at Joint Session with A. S. M. E 
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Fig. 1—Present Construction of Mechanically Joined Boiler Showing the 

Copper Tubes Expanded, Beaded and Ferruled in Steel Tube Sheets 

These Mechanical Joints Work Loose in Service Causing Leaks Which 
Result in High Maintenance Expense 





coefficients of expansion of the copper tubes and the 
boiler shell results in the introduction of stresses under 
heat. When the joints are tight, these stresses are taker 
up by a slight buckling of the tubes, but repeated heat 
ing and cooling of the assembly and vibration of the loco 
motive eventually cause some of the tubes to work loos« 
in their joints. No mechanical joints have been pr 
duced to date to completely overcome this difficulty. 

Obviously the leakage of a number of joints necessi 
tates taking the locomotive out of service so that the 
boiler can be removed from the locomotive and the 
joints expanded tight. This maintenance is costly and 
loss of service of the locomotive is a handicap and ex 
pense. After 48 months of calender service the 1237 
copper tubes in the boiler, although in excellent conditio: 
must be drilled out and consigned to the scrap heap bx 
cause of destruction of their ends in removal by the drill 
ing out operation. 


METHODS OF OVERCOMING THE DIFFICULTIES 


Obviously if a method could be found for bonding th: 
tubes to the heads; such as by welding or brazing, 
would be impossible for the tubes to slip in the joints a1 
cause leaks, and this should result in greatly extendin; 
the life of the boiler with practically no shut downs or 
time out of service for repairs. Extensive experiment 
have been conducted on welding the copper tubes to th 
steel heads using several methods, but the results hav 
been far short of the standards of perfection desired 
The failures to do the job by welding suggested the 
possibility of brazing the joints with a silver brazing 
alloy. Since there were 2474 joints in the assembly, the 





2—Photomicrograph of a Section of Copper Tubing Near the Outside Fig. 3—Photomicrograph of a Section 

face Showing Embrittlement of the Outer Portion Due to Treatment Same Treatment as the Tube Show: 

, Slightly Reducing Atmosphere. The Tiny Circles Indicate Steam Throug! 
Pockets in the Copper. 200X 


. : 
ee 


Fig. 5—Only Slight Penetration (| 
Fig. 4—Section Through Tough-Pitch Copper Treated in Slightly Oxidiz- Outer Surface of the Copper Tube Is I: 
ing Atmosphere Showing No Embrittlement The Small Circles Are The Sample Was Treated for 1 H 
Oxide Particles. 200 X Atmospher 


possibility of brazing them all at one time in an electric ‘re is no assurance t] 
furnace looked attractive. Therefore, it was decided to 


investigate the furnace brazing method rotective atmospher« 
T oxide he 


METALLURGICAL CONSIDERATIONS De cei = ™ Ais : 
Before proceeding to furnace braze a large tube bundle, produce 

i study was made of the possible effects of time, tempera 

ture and furnace atmosphere. It was known that the 

ubes available were made of copper which had been de 

oxidized with phosphorus in its manufacture and that 


ypel 
S Ol 4 
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, ae —— * 
Fig. 6—A Large Tube Bundle Having 1237 Copper Tubes Mounted in Steel 
Tube Sheets, Prepared for Furnace Brazing, Is Shown Here Set Up on 
a Pedestal on the Furnace Base. The Sheet Alloy Retort at the Right 
Was Placed Over the Charge and Then the Furnace Was Lowered Over 
This Retort. The Protective Atmosphere Was Maintained Within the 
Retort Throughout the Entire Cycle. The Furnace Covered the Retort 
Only During the Heating Cycle 


out, it would be subject to fatigue failure. Even if it 
should be embrittled only on the outer surface, cracks 
would likely start from vibration and in addition the 
brazed joints would be weak because the brazing alloy 
would adhere only to the weakened layer of embrittled 
copper which might ultimately be pulled apart from the 
solid body of the tube. This would ultimately develop 
leaks. 

It was decided to make a number of preliminary tests 
on small samples first in a quartz-tube furnace, then in a 
box-type furnace. Two gas mixtures for furnace atmos- 
phere were available from gas supplies used in an in 
stallation of furnaces for bright annealing copper wire at 
low temperatures. A third mixture was obtainable by 
making miner adjustments at the source of one of the 
others. 

These were as follows 


Constituents 
in Gas Mixture 


Gas Mixture Number, 
and Percentages of Constituents 


l 2 3 
CO, 10.6 0 10.6 
Or» 0 0.2-0.4 0.2 
CO 0.2 0 O 
He 0.3 0 0 
Ne 88.9 99. 8-99 .6 89 2 
100.0 100.0 100.0 


It will be noted that the first mixture contained frac- 
tions of a per cent of hydrogen and carbon monoxide, 
which were viewed with suspicion. However, since this 
mixture was emanating from a combustion type furnace- 
atmosphere controller, it was a simple matter to eliminate 
the hydrogen and carbon monoxide if necessary, and 
swing over to a slightly oxidizing gas as indicated in the 
third column, by increasing the ratio of air to coke-oven 
gas entering the burner of the atmosphere controller 
The second and third gases, then, were almost inert, but 
leaned toward the oxidizing side. All three gases wer 
used in the preliminary furnace-brazing tests. 

It was desired to keep the furnace temperature as low 
as possible for a number of reasons and, therefore, a 
brazing alloy was selected which melts at 1175° F. and 
generally requires a furnace temperature of 1225-1400" F. 
This alloy consists of 50°% silver, 15.5% copper, 
©} zine and 18% cadmium and is called ‘“‘Easy-Flo.” 
A number of individual samples were made up for tests, 


16.5 
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consisting of copper tubes to be brazed to steel, and pix 
of tough-pitch copper known to contain oxygen, to be 
treated along with these brazing samples for compara 
tive purposes so as to observe the effects of the atmos 
phere. The samples were left in the furnace for various 
periods at temperatures ranging from 1225 to 1285° } 
Although the pieces of steel were unaffected by the treat 
ments, examination of the copper samples for embrittk 
ment when treated in the three different gases as 
scribed above showed the following results: 


eS 


Effects on 


Gas No. Copper Tubes Tough-Pitch Coppe: 
l Embrittlement on outer Embrittlement throug! 
surface only (See Fig. 2) out (See Fig. 3) 
2 No embrittlement (See No embrittlement 
Fig. 4) 
3 No embrittlement No embrittlement 


With gas No. | it was found, as indicated, that the copper 
tube was embrittled only on the outer surface which was 
taken as an indication of oxidation during hot-working 
operations on the tubes. This embrittlement is indi- 
cated in Fig. 2 by black spots which are the steam pockets 
embedded within the copper. Such surface embrittk 
ment would not be permissible, as previously explained 
Further evidence that gas No. | is sufficiently reducing t: 
cause trouble is shown by the embrittlement throughout 
the tough-pitch copper as indicated in the photo-micr 
graph Fig. 3. Such would be the effect on any of th 
tubes which might not be oxygen free. With these in 
dications gas No. 1 was ruled out and it was decided that 
only the slightly oxidizing gases Nos. 2 and 3 were eli 
gible. No embrittlement was found in either the copper: 
tube or the tough-pitch copper using the latter gases 
The photo-micrograph Fig. 4 is typical of the solid struc 
ture of the copper obtained in these gases. 

A factor influencing the choice of ‘‘Easy-Flo’’ with its 
low-melting point was that at elevated temperatures 
silver-brazing alloys have such great capacity for di 


Band of silver- brazing alloy 
0.050 ‘by 1/4" in counterbored recess 
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0.049" by 3/40 









TOP OF TUBE ‘N UPPER 
SHEET 


“— RECESS FOR SILVER 
ALLOY RING 








a a 
BOTTOM OF TUBE 


COMPOSITE VIEW SHOWING 
MACHINING OF UPPER & LOWER TUBE SHEETS 


Fig. 7—Cross Section of a Typical Joint in the Furnace-Brazed Assembly 
Showing a Counterbored Recess to Hold a Band of Silver-Brazing Alloy 
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ving copper that there is danger of the brazing metal 
tually chewing its way through thin copper walls which 
this case would result in destruction of the tubes if 
wed sufficient time at high temperature. With */, 
h thick steel tube sheets and the relatively light 
ght 0.049 inch thick copper tubes, it would be quite 
practical to furnace braze a large tube bundle with 
+h melting alloys because of the accelerated rate of 
lution at the high temperature and the relatively long 
ne cycle required to heat the heavy mass. 
\nother influencing factor was that with the slightly oxi 
ing atmosphere chosen, it became necessary that the 
ix carry the entire burden of preventing oxidation at 
the joint and assuring wetting of the silver-brazing alloy 
both the copper and the steel. The long time re 
uired to heat the large tube bundle made it advisable 
keep the temperature as low as possible in order to 
void rapid exhaustion of the flux. 
. [he preliminary tests indicated that with samples held 
it 1285° F. for as long as one hour very little penetration 
the silver brazing alloy into the copper took place 
fhus, the danger of brazing alloy chewing into the tubes 
> in the large tube bundle could be almost forgotten. 
Figure 5 is a photo-micrograph taken of one of the sam 
ples treated as described, where a drop of silver brazing 
alloy clung to the surface of the copper tube beneath a 
joint. It shows the small amount of penetration of the 
alloy into the copper. This same series of tests showed 
that the flux which was used on the samples remained 
active throughout the heating cycle and it was felt that 
it would be suitable for the large tube bundle 
A remaining consideration of importance prior to fur 





ice brazing the large tube bundle was that of tempera of water, then add |] gallons oil of vitriol spec. gravity 
ture control. It was agreed that very uniform tempera 1.84. Remove all oxides Temperature of the bath 
: . - , 
ture was necessary and that overheating of localized por should be between 150° and 180" ] 
tions of the tube bundle should be avoided. Also the Note: Only a lead lined tank should be used for the 
time throughout the brazing cycle should be as short as__ solution and the deposit which forms the lead lining 
possible, particularly above the melting point of the should be allowed to remain as it acts as a protection for 
brazing alloy. A bell type furnace rated at 104 k.w., the lead itself and will greatly lengthen the life of the 
Fig. 6, which was available was known to have excellent lining 
Power off Power on lower s only 
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Fig. 8Heating and Cooling Curves Taken During the Brazing of the Large Tube Bundle. Note That the Maximum Ten perature Differentia 
Throughout the Charge at the Highest Point Is Only +9° F The Solid Lines Indicate Temperatures of the Copper Tubes at Different Points ir 
the Assembly The Dotted Line Indicates the Temperature of the Gas at Three Different Points, the Curves Being So Close Together That They 


Coincide 
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temperature distribution because of proper gradua 
tion of heat on the side walls from the bottom to the top 
2) two zones of heat in the height of the furnace, (3 
automatic temperature and power control, and (4) a 
high-volume fan in the to circulate the furnace 
atmosphere gas. The furnace f ample size to a 
commodate the large tube bundle, having loading di 
mensions of 50 inches diameter x 60 inches high 

It was decided to use this furnace for the large tube 
bundle but to first make a trial run on a small tube bundle 
consisting of only seven tubes of full length of 35 
pressed into 6 inch diameter steel tubs 
tion thickness of */, inch. Figure 7 
tion of the type of joints used, and indicates counterbor 
“ing to provide a recess for the band of silver brazing alloy 
Chis assured that the brazing metal would be ir 
when it melted and would have opportunity to run 
away from the joint. In other words, a reservoir was 
provided to assist the brazing metal in running into the 
joint. At this point a procedure was established for 
cleaning the parts so as to assuré 


base 


was O 


» inches 
of regula 


cross Sec 


sheets 


shows a 


plac 


be st possible results 
lhis procedure was followed in the preparation of the 


seven-tube bundle as well as for the subsequent 1237 tubs 
bundle. It is as follows 
Proce lure for Cle nin Lid Preparw 1 Cihi 


1. Cleaning Mechanically or chemically remove all 
dirt, oil, scale and oxides from the bored op ; in the 
tube The copper tub hou 
cleaned by bright dipping in the following solution 

Dissolve 5! 


sheets 


» pounds sodium dich1 


Fig. 9—Low-Power Photomicrograph Showing Cross Section of a Joint 

Brazed in a 4-Tube Bundle Along with the Large Bundle. Note How the 

Silver-Brazing Alloy Has Filled the Reservoir and Flowed Throughout 
the Joint. 4X 


2. Fluxing. Brush the tube ends and the bored 


openings with a thick solution of flux and water. 

3. Brazing Metal. Use bands of silver brazing alloy 
0.050 inch thick by '/, inch wide, the inside top diameter 
being from size to size to about 0.003 inch larger than the 
outside diameter of the tube to provide for easy assem- 
bling. 

4. Assembling. Insert alloy rings in the counter- 
bored recesses in the tube sheets and coat them with flux. 
Then insert the tubes. 

The seven tube bundle, after being prepared according 
to this procedure had two steel rods welded to the sides 
of its tube sheets in order to hold the latter apart the 
proper distance. Then the assembly was set up in the 
bell-type furnace and brazed, using gas No. 2, and with 
thermocouples on the top and bottom tube sheets to pro- 
vide a check on the temperature uniformity. This was 
found to be equal to expectations and examination of the 
brazed assembly showed that the silver brazing alloy 
had flowed throughout all joints. A steel jacket was 
then put around this small tube bundle and the assembly 
was given a hydrostatic test at 3000 pounds per square 
inch pressure. The tubes collapsed at 1000 pounds but 
all joints were found strong and tight at 3000 pounds 
pressure. 

It was then concluded that sufficient preliminary tests 
had been made to warrant going ahead with the large 
tube bundle. Accordingly, a large bundle was designed 
and constructed on the accepted lines of design as recom- 


mended and approved by the A. S. M. E., but the tubes 


~ 
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Fig. 10—High-Powered Magnification of a Small Area Within the Joint 
Shown at Ain Fig.9 175X 
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Fig. 1l—Drilling Both 
Headers and Dry Plate 
in One Operation 


Fig. 12—Headers Are 

Reamed to Give the 

Proper Tolerance. 

Brazing Alloy Reservoir 

Is Bored at the Same 
Time 


Fig. 13 — Removing 
Sharp Edges from Tube 
oles 


Fig. 14—Sand - Blast- 

ing Headers to Remove 

All Grease, Dirt and 
Oxide 


instead of being expanded and ferruled as in the conven 
tional design, were fitted into the heads as shown in Fig 
7, and the foregoing procedure for preparing and assem 
bling the parts was followed. Special attention wa 
given to the manner of supporting the large assembl\ 
particularly with respect to preventing the tubes fron 
sliding through the bottom tube sheet and supporting th: 
top tube sheet. A steel screen was fastened in place 
the bottom to hold the tubes in place, and support 
around the side as shown in Fig. 6 held up the top tub 
sheet. These supports were designed so that the upp¢ 
tube sheet could be lifted from them by the copper tub« 
if the expansion of the tubes should cause this effect dur 
ing heating. The supports also were tied to a liftin 
lug above the assembly. 
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( 
tical readings and these readings are indicated by the 
4 D Wl I ¢e nc0oers curves 4-5-6. It will be observed that when the gas 
temperature reached 1160° F. which is just beneath the 
Poult melting point of the silver brazing alloy at 1175° F 
| | power was turned off the furnace for fifteen minutes in 
1 | order to assist the lagging portions of the charge to catch 
WeLo — fF te Sewen up with the hottest portions. Then the bottom heat 
ee Tues Serer nomi was turned on but the top heat*was not. This further 
CRADLE FOR SUPPORTING TUBE BUNDLE assisted equalization of temperature. Finally when the 
DuRING HANDLING & HEATING OPERRT/ON maximum temperature differential was only plus or minus 
Fig. 18 9” F. with a peak temperature of 1238” F. the power 
was turned off and the furnace was removed. Then a 
circular pipe was put over the top of the retort and water 
Six thermocouples were placed in the charge, some of was sprayed on the retort wall to accelerate the cooling. 
| which are evident in Fig. 6. Three of these thermo- Upon completion of the cooling cycle, the retort was 
a 


the 
Fig. 15—Pickling Copper Tubes in Acid Bath Fig. 16—Fluxing Each Tube Hole and Insert- Fig. 17—Inserting Tubes in Tube Sheets and 
to Remove All Dirt, Oil and Oxides ing Silver Brazing Alloy Rings Fluxing Tube Ends 

[2° «asi Figure 8 shows a record of the temperatures through 

a 1~ 1 
= = ‘s t out the charge during the entire heating and cooling pe 
bs CLEROONCE. TO | an | riod. The solid lines show the temperature of the metal 
nee) TT] ‘ Why l | gdtoso Brrwcen at the top outside, top center and bottom outside rhe 

r baeht 77’ — a ’ £7788 ® q . 
- a 7 2) ‘ Jt . three thermocouples indicating the temperature of the 
+ REQUIRE | %4 TUBES +> | gas circulating throughout the charge gave almost iden 


couples were placed in contact with the copper tubes so removed and the brazed charge was given a visual ex 
as to represent the temperature of the metal and three amination. It was found that the copper tubes had re 
of them were placed within the tubes to indicate the tem 
perature of the gas circulating through the tubes. The 
relative locations of the thermocouples are indicated and 
explained in the sketch and caption of Fig. 8. 

A small 4-tube bundle with members having the same 
section as those in the large bundle was placed in a recess 
in the periphery of the tubes and supported on the bot 
tom tube sheet. This assembly was prepared in the 
identical manner as the large one so that after brazing 
| it could be cut up and examined under the microscope to 

give an indication of the results obtained in the large as 
sembly. The pedestal on which the tube bundle rested 
as shown in Fig. 6, encloses a fan which is driven by a 
motor mounted beneath the supporting base. This fan 
circulates the gas atmosphere throughout the entire heat 
ing and cooling cycles. Gas was supplied by an inlet 
coming up through the base. To the right of the tube 
bundle in Fig. 6 is shown a sheet alloy retort which was 
placed over the charge and rested on the base, with a lip 
on its flange resting in a liquid seal. The protective at- 
mosphere was maintained within this retort. The in- 
stallation shown includes four bases and four retorts so 
that several charges can be cooled while one is being 
heated. At the left in Fig. 6 is the bell-type furnace 
shown resting on the floor, which was placed over the 
retort during the heating cycle but taken off and put 

back on the floor during the cooling cycle. a ae Sittententewetiae enous 
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tained most of their brightness, but the steel tube sheets 
were slightly oxidized. The silver brazing alloy had 
apparently penetrated through all joints leaving fillets 
at the under side. The small sample had a similar ap 
pearance and it was taken to the laboratory for micro 
scopic examination. A study of the samples indicated 
that there had been no ill effects whatever from the at 
mosphere or from the time temperature cycle employed, 
and on the contrary, the results were considered to be 
excellent in all respects. The silver brazing alloy was 
found to have penetrated throughout al]l joints indicating 
strong, tight bonds. Figures9 and 10 show typical cross 
sections taken through the joint. Figure 9 is a low power 
magnification of the complete cross section showing the 
silver brazing alloy cast into the counterbored reservoir 
and also the alloy throughout the bond between the cop- 
per and the steel. Figure 10, a high power photo-micro- 
graph, was taken at the point marked A on Fig. 9. 


TESTS ON TUBE BUNDLE 


The large tube bundle, after furnace brazing, was sub- 
jected to a series of rigid tests to determine the tightness 
and strength of the joints. It should be noted that the 
ends of the tubes of this bundle were not beaded. Ac- 
cordingly, the strength of the joints was solely that im- 
parted by the silver brazing alloy. The assembly was 
first tested hydrostatically at 330 pounds pressure, dur- 
ing which procedure no leaks could be found in the joints. 
Then it was given a series of 45 severe steaming cycles 
in the boiler, each cycle consisting of raising the pressure 
from zero to 225 pounds, then shutting off the burner and 
blowing the boiler back down to zero pressure. Each 
cycle was completed as quickly as possible in order to 
develop maximum strains in the tube bundle. Follow- 
ing the twenty-fifth cycle, it was decided to go to ex- 
tremes with the tests in order to eliminate any shadow of 
doubt regarding the strength of the assembly. There- 
fore, the pressure was not only raised from zero to 225 
pounds, the burner cut off, and steam blown to the at- 
mosphere as usual, but while this was occurring the blow 
down valve in the water leg was opened, emptying the 
boiler of all water and steam. Into this hot dry boiler 
was pumped cold feed water up to the normal water line. 
After successive firings all furnace brazed joints were still 
found to be perfectly tight. Such severe service would 
never be encountered in actual practice and mechanical 
joints could never withstand such treatment, but the 
knowledge that the furnace brazed tube bundle could 
‘take it’’ was desirable information. 

Following these steaming tests, which were made in 
the shop, the boiler was installed in an electric locomo- 
tive and put in actual service. On September 1, 1935 it 
had been in service about three months and indications 
were that it was still in the same condition as when in- 
stalled on the locomotive. 


COST SAVINGS 


The main objective in developing the furnace-brazed 
tube bundle was to eliminate the high maintenance ex- 
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pense on the present boilers. Unfortunately no acti 
figures on maintenance are available. However, it 
practically a foregone conclusion that the furnace-braz: 
tube bundles will justify themselves by the reduction 
maintenance costs. 

It is also hoped that by this construction the complet 
retubing of the boiler every four years can be eliminated 
The construction is such that the complete tube bund 
with heads attached can be readily removed without di 
turbing the tubes in the heads, to permit inspection of the 
inside of the boiler. If the same tube bundle and heads 
could be rewelded in place, a saving of approximately 
$500 per boiler could be secured. Such a procedur 
would of course require approval by the I.C.C. 


CONCLUSION 


Based on the success of the first furnace-brazed tubs 
bundle, the manufacture of additional units has been 
started. It is apparent that this new method offers im 
portant advantages over the former methods and in the 
light of successful furnace brazing of other types of as 
semblies using silver-brazing alloys, it is likely that this 
method will find general usage in the manufacture of tube 
bundles for vertical fire tube boilers. 

The authors gratefully acknowledge the assistance of 
Leo Edelson, Handy & Harman, New York, N. Y., and 
L. L. Wyman and O. S. Haskell, General Electric Co 
Schenectady, N. Y. 
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Fig. 20—Dimensions of Boiler Shell 





OCTOBER 








he 
S- 
Lis 
be 


Oo! 
id 





Fig. 1—General View of a Miscellaneous Group of Small Parts Including 


Full Wire Group 





METHODS for the MANUFACTURE 





ot Precision Assemblies by 


By F. D. ROGERS’ 


T THE outset, it would probably not be out of order 
A to say that each one of us here at this and other 

sessions during the week have, in one way or an- 
other, a more than ordinary interest in welding. If 
this were not so, it is likely that there would be no con- 
vention. Perhaps the attraction lies largely in the great 
number of different applications to which welding has 
been and will further be put. Some of these uses seem 
to be so far apart that the relationship of one to the other 
is hard to define. Many are as spectacular as they are 
massive and are, as a result, in the public eye a great 
deal. These are truly monuments to welding which 
reach into tons of materials and many thousands of 
pounds stresses. 

Contrast with this thought, if you will please, the 
comparatively minute size and great variety of parts to 
which resistance welding is daily applied in the main 
plant of the International Business Machines Corpora- 
tion in Endicott, New York. A few of these are dis- 
played here (Fig. 1) and several will be described as we 
goon. Where others deal with tons, we are concerned 
with ounces or fractions of an ounce, and instead of feet 
or inches, we must think continually in terms of thou- 
sandths of an inch. In addition to this minute size and 
close tolerance, and because of the nature of our manu- 
facturing set-up as a whole, we must be prepared to pro- 
duce all the way from ten or fifteen assemblies, to ten or 
fifteen thousand assemblies at any time. Perhaps with 
the small job, we may have no more than a “nodding 
acquaintance”’ since it may have been three or perhaps 
six months since that particular job previously passed 
through the welding room. The above is somewhat ex 
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plainable in that during the past year, we had in active 
production over forty different classes of business ma 
chines, with approximately 600 models, involving the 
handling of some 50,000 different parts and assemblies, 
ranging in size from those as large as a pin head to those 
weighing upward of 350 pounds. One model alone, the 
Alphabetic Tabulator, is made up of 2700 different items, 
with nearly 55,000 separate parts. Years of experience 
in such a tremendously involved program has indicated 
the desirability of providing for such parts and assemblies 
usually in quantities suitable for three months’ produc- 
tion; or in other words, each one, on the average of the 
50,000 different items mentioned, is put through our 
manufacturing set-up four times each year. 

The line of business machines into which these many 
parts are assembled serve a wide variety of recording 
and accounting purposes. 

Now, what does this mean when associated with any 
one of many different processes or methods required in 
producing them? It means that ‘hat particular process 
must be none the less accurate and dependable than the 
machine it helps to fashion 

Four years ago, our company, in line with its ever 
progressive policies, began a definite program of advance 
in the application of welding to the manutacture of our 


products. The possibilities of resistance welding for 
small assemblies was at once apparent and it is around 
this group that our comments are made 

In point of comparative figures, only a very small por 
tion of the vast number of parts and assemblies previ 
ously referred to reaches the welding room in their path 
to completion. Perhaps this is very fortunate for us 


who have to contend with the headaches which go with 
some of them. However, by building upon a sound 
foundation, we have enjoyed a steady growth in this 
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Fig. 3—Automatic Fixture for Filler Block in Type Bar 


field from a very humble beginning, to a point where we 
now have between 200 and 300 different items of pre- 
cision resistance welded assemblies being regularly 
handled in active production, in addition to the various 
other welding and brazing applications. 

Illustrative of the group of those items of considerable 
quantity which are in continuous production, is the puil- 
wire group (Figs. 1 and 7). This little unit may be 
likened to a “‘sinew’’ in electric accounting machinery 
by which the ‘nerve’ impulse through the magnet is 





Fig. 4—Automatic Fixture for Rack on Type Bar 
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transferred into mechanical movement. 
three separate parts—two terminals and a wire, b 
welded into a unit. Because these units must pert 
millions of operations without appreciable wear, h 
carbon steel is used for the terminals and suitably 

treated after assembly. ' 
high-carbon music wire, 


It consists 


Che wires themselves are 
mainly for stiffness, since son 
what of a “‘push”’ is transmitted under certain conditi 
of operation. Because of the accuracy maintai 
throughout these ‘‘magnet units’’ of which these wir 
semblies are a part, it is necessary to hold the over 
length from center to center of holes to plus or mir 
0.003 inch. These parts are welded in a specially 
veloped dual welder which completes a wire assemb 
for each machine cycle. The machine (Fig. 2) is ha 
operated up to the present time, though it is planned 
such a way that automatic operation—with exception 
set-up and removal of parts—may be added if and wh« 
desirable. Slide drives are somewhat unusual, bei: 
in the form of spring energized hydraulic cartridges whic} 
are compressed in the opening operation in the cyck 
Upon release, the designed escapement of fluid allow 
movement of slide which is exactly proportionate wit! 
the softening of the wire end. At nearly the full exte: 
sion limit of the cartridge, escapement is inceeased s 
that, in effect, a small upsetting surge takes place simul 
taneously with the breaking of welding circuit, with th 
full extension of cartridge restricted to an exact linear 
dimension. The advantage of this arrangement will be 
seen when these three factors are considered: first, th 
exactness of over-all length required; second, the un 
usually small section area of the weld; and third, the 
brittleness of the structure as welded. 

These factors do not permit the maintaining push-up 
pressure on the welded joint during cooling, nor pushing 
up to a mechanical stop in the slide, without considerabk 
breakage. All three conditions are satisfied, however 
by pushing up as described to a positive position and, at 
this point, removing all mechanical energy from the sys 
tem. 

It may be of interest to add that over a production of 
approximately half a million parts, the total rejection 
traceable to faulty welding, either structural or dimen 
sional has been less than 0.4 per cent without a single re 
port of a failure in service. 

Referring to a second group on which production is of 
an intermittent nature, and by far the greatest in point 
of number of different items, we should add here that all 







Fig. 5—Operator at Press Welder During Production 
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ur spot and projection welded production falls into 
category. Only a few of these have been selected for 
ssion where conditions are illustrative of the main 





at hand, namely, accuracy. The type bar as 
bly herewith is a good example of a relatively higher 
ntity production item (Figs. 1 and 8). This part un- 


ormal manufacturing conditions will appear in lots 
000 pieces on an average of once a month. Good 
rating conditions will pass such a quantity through 
two operations in a relatively short time so it must 
oled in such a way that it can be set-up on a general 
lity machine without appreciable delay of the latter. 
s, in itself, would not present such a problem if it 
re not for the dimensional accuracy required in the 

i Che small filler block in the large end must bear a 
lation to the upper type slot of minus zero to plus 
003 inch from mean dimension and the two must be 
irallel. The rack below must be positioned to plus or 
minus 0.002 inch from the mean dimension between middle 
ith and middle type slot. The width of rack and bar 
from face of teeth to back of bar must hold to within 
plus 0.001 inch minus 0.002 inch from the mean dimen 





fo accommodate both production and accuracy con 
ditions, rather elaborate, self-contained fixtures of the 
magazine feed variety are provided, as may be seen 
pictured on display panel (Figs. 3 and 4). Both of these 
provide for the manual handling of bar component only, 
which is nested loosely in the fixture in its open position. 
Block or rack as the case may be is fed automatically to 























: : i _ ‘ lder from Cz nformation 
position and the whole unit automatically clamped up A nS ay ope eens Cone Se 
preceding the welding impulse, after which the assembly 
is withdrawn manually from the apparatus. Filler promise, is now being used to quite some extent Phe 
block is attached with two projections and rack with samples of another variety of pryiting unit are illustra 
three, in each case welded simultaneously in parallel. tive of this method (Figs and 9 This particular 
A further form of projection welding that we call ‘‘family’’ consists of five related parts all using the same 
ring’ welding, and which we know has considerable hub or bushing and one part which has a flat member 
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Fig. 7—Detail of One Item of Pull Wire Group 
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attached to either end of a double tenoned bushing. In 
this method, the screw machined bushing is provided 
with a suitable bevel at the root of the tenon and it is 
this material which is used to provide the weld attach- 
ment. In this group, the principal tolerance conditions 
are: first, over-all thickness of assembly to be held to 
plus zero, minus 0.0005 inch from mean dimension; 
second, an over-all hole diameter variation of not over 
0.0005 inch is allowed; and third, the positioning of 
bushing center with respect to rack teeth must be such 
as to permit free operation of latter with mating part but 
without noticeable backlash. Bushings are completely 
finished as such and attached to flat parts in a manner to 
meet the above conditions. The result is a welded as- 
sembly having ‘‘no visible means of support.’’ That is 
to say, a soundly welded attachment capable of trans- 
mitting all the torsion required of it and to spare, but 
completely enclosed within the finished part, yet meeting 
the accuracy conditions described. 

Since the different members of this family run into 
considerably lesser quantities than the earlier example 
given, the fixture group is hand fed. A single guide pin 
type of holder is used for all with an individual sub 
fixture interchangeable with it to suit the holding re 
quirements of the several parts. 

The small disk and bracket assembly illustrated 
(Figs. 1 and 10) is one of the sizable group of low produc 
tion items but still one in which accuracy is a factor in 
the proper functioning of the miniature overdrive clutch 
of which it isa part. This unit is subjected to relatively 
high intermittent loading and yet must pick up pre 
cisely at the proper time. It is, therefore, necessary 
that the five plunger brackets be very closely related to 
each other and to the indexing holes in the plate. The 
fixture for this item is a small, turn-around, hand-oper 
ated device with an anvil for holding one bracket at a 
time which is loaded in the open position of a hand- 
operated upper member hinged to the base. The plate, 
once loaded, is turned around to successive positions for 
five machine trips per assembly, welding 2 small pro 
jections at each trip. 
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Fig. 8&—Numeric Type Bar Assembly 


So much for a brief touching upon specific cases. It i 
in providing for this constantly changing condition 
parts and quantities without sacrificing in uniformity 
and dependability from piece to piece and from lot to | 
that the real problem lies. We hardly need stress the fact 
that all elements must be thoroughly planned and con 
petently carried out Any general method of inspe 
tion of such joints is hardly to be considered as a pri 
caution against failure, hence the fact that the responsi 
bility for the process lies almost wholly within the pro 
cess itself. This means, first of all, that the welding 
equipment must be of a most dependable and versatile 
nature. Our newest machine is a precision press weldet 
equipped with air-cushioned, power-driven head, and 
electronic power control. It is provided with forty stages 
of heat in practically straight line increments of increas« 
throughout its range, with all operating controls at th 
finger tips (Figs. 5 and 6). 

Schedules of proper pressure in pounds on the ram and 
approximate current dwell in cycles are provided at th 
machine for the operator’s general guidance in setting up 
new jobs. These schedules are standardized for the 
variety of jobs to be expected, such as, for example, th 
size and number of projections, number of spots, et 
With these factors established and parts design properly 
carried out, it is necessary only to build up the welding 
heat until a sound joint results. Once established, this 
setting is recorded on an operation card as will be noted 
in photograph illustrating this method (Fig. 6). . Ther 
are three marked advantages in this general procedure 
for our purpose, namely: first, less loss both of time and 
set-up pieces in casting about for proper settings on a 
new part since generally only the heat variable is to be 
found. Very often a close enough similarity between th« 
job at hand and some earlier job already recorded per 
mits the full selection of machine setting without trial 
Second, a job once set up and all factors remaining con 
stant, we need not be too concerned if the same item is 
not run again until some indefinite future time for all 
necessary information is at hand when it appears 
Third, for manufacturing flexibility, the same job may 
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be switched from one machine to another when operating 
conditions require, and uniformity maintained in the 
move, since the principal variable will be the different 
heat setting due to individual circuit characteristics of 
the particular machine. In many cases this latter may 
be interpolated from the setting already established and 
once found, is itself added to previous information 

The design of tools used must be carefully thought 
out to the best interests of the particular job at hand, 
followed by accurate building and careful maintenancs 
Generally, the nature of our precision work dictates 
jump-weld fixtures in which the parts are welded through 
the fixture itself, the latter being either clamped down to 
flat faced knee or moved at will on a similar flat surface 
as the case may require. 

Fixtures are built on nonferrous bases, usually copper 
bus bar or copper alloy and care is exercised to insure 
complete insulation. With these fixtures kept clean and 
in good condition at all times, this plan promotes uni 
formity of work since fixture-effect variables are reduced 
to a practicable minimum. In some cases where it has 
been found difficult to maintain gage pins when insulated 
to avoid shunting, we resort to the use of ground pins of 
annealed glass to provide for accurate location of parts 
over a long period of time. 

A few words about our standard of projections may 
perhaps not be amiss. From the outset of our projec 
tion welding efforts, a set of conditions stood out which 
influenced a choice in this respect, which at first glance: 
may appear to be not the best. First is the necessity for 
control of distortion in the parts to be embossed. We 
believe—and our results over many thousands of pieces 
welded prove our belief—that for the nature of our work, 
a simple embossing such as is obtained with a flat end, 
round punch is the best. The diameter of punch and 
hole in the die side correspond and the edges of both are 
slightly dulled—not much, just a trifle. By a standard 
of diameter and height of embossing which is related to 
thickness of flat, we obtain a suitable attachment with a 
minimum of parts distortion. Secondly, distortion at 
assembly must be avoided. This requires the smallest 
attachments practicable in keeping with the use t 
which the part is to be put, and the shortest welding 
dwell compatible with accuracy. Obviously, then 
these attachments do not represent fullest shear strength 
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obtainable keeping with the material and thick 
When tested, these welds seldom pull a s! ul t the 
sheet excepting where al itt hment happens to be 
made to a very thin piect Che failure is usually 
shear through the attachment. We woul t recommen 
the general adoption of su pract ept where 
cumstances absolutely warrant, but re the 
results demo rate its pra 

We have rit ither pl | 

ection with material w ( its 
{ ce That 5 tf 
resistance weld: | ) ( 
( excell t suriace ¢ 
l way in the removal of 
with this the exceed 
number of cases, assemblies are | rdened at 
points Chis would be all \ ilwa 
possible to do this alter e wi { 
not the case and const ju t] | 
must be followed in order t l ere welding em 
brittlement, since the carbo1 tent at thi iriact 
then of the order of 1%, \ schedule has accordu 
been devised for the guida ( ( ee! 11 I 
sections, describing an even dozen different combinat 
of carburizing, cyanide or aet ise hardening either 
locally or completely and their relations to welding 


The two production cases described earlier, thoug] 


they were not selected for the purpose, represent tw 

these methods of obtaining local case hardening Phi 
rack on the type bar is aerocased the tooth surtaces 
only In this case the rack blank is copper plated be 
fore broaching of teeth, after which it is aerocased and 
copper removed. This provides for a local hardened 
assembly, with hardening already accomplished on a 
component part when it is obvious, trom the previous 


description of job tolerances, that any form of heat treat 
ing after assembly would be impracticabl On the 
other hand, the sector and is done witl 
parts in their natural state, after which that portion of 
the lever embraced by rack teeth is local case hardened 

Phere is still one important factor contributing to the 
successful carrying on of its class of work under the con 
ditions described, which has not been touched on up t 
this point, not because it is by any means a minor on 
but rather, to impress it upon you in ¢ Chis 
is the factor of human element By this I do not meai 
wholly as it is evidenced in the operation at the 


hub assembly 


machine 
| re 


i 
from piece to piece although this too requires good judg 





ment, care and watchfulness on the part of the personnel 
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Fig. 10—Clutch Washer 
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What I refer to mainly in this respect is the fact that a 
typical part or assembly, in its growth from the engineer's 
idea to a functioning part in a machine, passes through a 


great many hands. When such a part is to be a welded 
assembly, we can hardly expect that all of these moves 
will be looked at from the welding standpoint alone. 
Therefore, if we are to expect it to become a satisfactory 
welded assembly, it must be carefully guided throughout 
its moves through drafting room, planning, tool design 
and manufacture, and finally through the set-up stage 
at the welding machine. It may THEN be left in com- 
petent, watchful hands, with frequent observation by 
those responsible for the well-being of the process gener- 
ally. 

After several years’ experience, we are pretty firmly 
convinced that painstaking care all along the line, to- 
gether with the best of equipment, must be provided in 





Fig. 1—Contractor’s Welding Truck Equipped 
with 300 Ampere Welding Machines Used in 
Oil-Well Casing Welding 


producing this class of small precision welded parts w 
a degree of regularity which will place the dependabil 
of the process beyond shadow of doubt, for if it is to h 
general acceptance at all, this can only come ab 
through absolute dependability. It is not in any s 
a spectacular application of modern welding, but, 
those who are directly interested in its growth, it is 
exceedingly interesting one. 

In comparison with mechanical fastening meth 
which are usually necessary where some form of weld 
or brazing is not used, the economy of the resistance ws 
attachment may be taken for granted. But this e 
omy will not answer for large rejection for either dim; 
sion or weld failure, and especially so in the case of 
class of product which it is the privilege of the Inte: 
national Business Machines Corporation to supply 
the world at large. 


Fig. 2—Preparing the Bottom Joint by Welding Fig. 3—Oil Well in Hastings Field, Texas Gulf 
a Float Collar in the Middle and a Guide Shoe 
Near the Spigot End 


Coast Area Where 9 °/:s-Inch Casing Was 
Welded 
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An Opportunity for the Welding Industry 


By W. MIKE MURPHY? 


HE welding industry is a service industry obtaining 

its income from all of the other great industries 

where metals are joined. We maintain as a funda- 
mental principle that where steel parts are to be joined 
to form a permanent unit, the job can be done better 
with welding. A real opportunity is offered for service 
to the oil and gas industry where more than a million 
tons of steel pipe is being joined each year into casing 
strings. 

We are interested in expansion of the market for weld- 
ing services. The production division of the oil and gas 
business offers an addition of at least six million dollars 
per year to the income of the welding industry through 
casing and is, itself, accepting responsibility for leader- 
ship in its development. If all of the casing run in oil 
and gas wells in the United States were welded, it would 
provide continuous employment for a thousand skilled 
welders and an equal number of auxiliary employees. 

Casing was one of Colonel Drake’s greatest problems 
in drilling the first oil well in 1859. Since that time, 


* Paper to be presented at Annual Meeting, A. W. S., Detroit, Mich., Oct 
16-21, 1938 
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nine hundred and forty thousand oil and gas wells hav: 
been completed in the United States. During 1937, 
twenty nine thousand wells were drilled in this country 
at a total cost of more than six hundred and eighty 
million dollars. The oil and gas industry has grown to 
be one of the major producers of wealth in this country 
Casing is still an important problem of the industry. 

The first oil well was completed at a depth of sixty 
nine feet. The average depth per well completed i: 
1937 was thirty-two hundred and thirty feet. One 
fourth of United States oil production is from depths be 
low five thousand feet. It is generally believed that th: 
greater part of shallow oil sources have been discovered 
and that future discoveries will be made at increasing 
depths. The world’s deepest well has been drilled below 
fifteen thousand feet. As a part of the casing problem, 
the importance of the casing joint increases with greater 
drilling depths. 

The casing problem, as a whole, belongs to the oil and 
gas industry. The design of suitable casing is the re 
sponsibility of pipe manufacturers in cooperation with 
oil and gas producers. It would be impossible for the 
welding industry to assume leadership in study of this 


























problem. The joint problem is ours in cooperation with 
il and gas producer and the casing manufacturer 
yur job as welding operators, engineers, contractors, 
manufacturers to develop welding methods, tools, 

{ materials for casing welding, to assist casing manu 

turers in the design of proper joints for welding, and 

provide convenient and dependable welding service 
to drilling operations of the oil and gas industry. 

he purposes of casing are to protect drilling opera 

s from caving hole and intrusion of water and gas 

m intermediate sands and to provide a permanent 
opening from the producing zone to the surface. Ex 
ternal pressures on casing and bottom hole pressures in 
wells increase in almost direct ratio with depth and can 
be estimated at a half pound per square inch of surface 
er foot of depth. Depths are being reached in drilling 
that require casing of special high yield point steel to re 
sist collapsing pressures. The load on casing joints in 
creases in direct ratio with the length of casing strings. 
lo provide ample safety factor in the joint with steels 
of higher yield point, the strength of the joint must ap- 
proach more closely the strength of the pipe. Welding, 
alone, offers this quality in a pipe joint. 

Che use of welding in the oil and gas industry origi- 
nated with refining operations. When welding was in 
troduced on construction and operation of pipe lines, the 
pipe lines depended on their associated refineries for in 
formation on welding methods and for assistance in super 
vision. In less than twenty years, the welding of pipe has 
been advanced to a high degree of perfection on pipe line 
construction. The source of information on pipe weld- 
ing has been reversed. It is quite common for re 
fineries to call upon their associated pipe lines for assis 
tance in design and supervision of pipe welding 

Casing welding enters a field of more importance to the 
oil and gas industry. Starting with an adequate supply 
of qualified welders, oil and gas producers will rely on the 
experience of their associated pipe line companies for 
information on pipe welding, but it can be expected that 
production operations will take the leadership in ad- 
vancement of pipe welding, and within a few years will 
be the source of information on this subject for the other 
branches of their industry. 

In the development of casing welding, as in the prog 
ress of improvement of pipe line welding, criticism can 
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Fig. 4—Welding 9 5/s-Inch Casing 
String in Hastings Field, Texas 
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Fig. 5—Welding Operators Stand- 
ing on Rotary Table While Weld- 
/s-Inch Casing 


Field 
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be expected, and will serve a useful purpos« directi 
engineering effort and practical thought to the corre 
tion of faults. Discouraging failures will be the source 
of information for the adoption uitable operations 
and establishing fundamental principk f joint desig1 
The oil producing companies will profit most from the 
welding of casing The price of casing with ends pre 
pared for welding is quoted at fifteen per cent less per t 
at the mill than for similar threaded-and-coupled casi 
Including the cost of welding and additional rig time 1 
the comparative additional cost of running welded ca 
with present methods and subtract t from the sa\ 
ing in cost of pipe alone, there will be left net average 
saving of approximately a cent per diameter ch pe 
foot. Improvements in rig tools and methods of hand 
ling pipe in running welded casing can be expected to pri 
duce an increased comparative £ If all of the 
casing being run in oil and gas wells were welded it woul 
produce a saving of something more than five mill 
dollars per year to the oil and gas industry One large 
producing company alone, now taking active part in the 
development of casing welding, could expect a savi 


more than a quarter million dollars per year if all of it 
casing were welded. 


Of primary importance to the development of casing 
welding, but to whom there is the least evidence of im 
mediate gain, is the pipe manufacturer Active, sincere 


leaders following 
manutlacturetr 
needs of the 


will 


cooperation is being furnished by thx 
the principle that it is the obligation of a 

to furnish materials suited to the advancing 
industries served. farsighted manufacturers 
be forced by competition to take part 

The hope of reward is from an increased and continu 

ous demand which may result from the specific ad 

vantages of welded joints Che ifttroduction of welding 
in pipe line construction made the building of gasoline 
lines practical, increased the construction of oil lines by 
reducing the required pipe weights, and made the con 

struction of long large diameter gas lines an economi 
possibility by reduction of operating hazards. Welding 
of casing may encourage deeper drilling with an increase 
in the average length of casing here is evi 
dence that, conservatively operated, a greater number of 
wells will increase the ultimate recovery of oil from any 
producing area, the limiting influence ig the compari 
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son of expected additional yield with increased invest- 
ment. Drilling economies will increase the number of 
wells which may be profitably drilled. 

To drilling contractors and to more than sixty thou- 
sand members of crews on the four thousand drilling rigs, 
casing welding offers an improvement in the safety of 
operation. In running welded casing the manual opera- 
tions of making the casing joints are reduced to utmost 
simplicity. Apart from other advantages the added 
safety of running welded casing is sufficient reason for 
the favor of drilling crews. 

To petroleum engineering, including drilling and pro- 
duction operations the greatest advantage of welded 
casing is the positive gas-tight and leak-proof quality of 
all-welded joints. During running, the weight of the 
casing string may be used by working the pipe to dis- 
lodge obstructions in the hole, and if stuck the pipe may 
be rotated in either direction without damage or opening 
small leaks in the joints. The advantage of gas-tight 
joints in casing off intermediate gas sands is obvious and 
this advantage increases with deeper drilling where higher 
and more destructive gas pressures are met. 

All of the qualities of welded casing joints are of ad- 
vantage in cementing jobs. The welded joint offers less 
resistance to the displacement of cement from the pipe 
and into the annular space between the outside of the 
pipe and the wall of the hole. The string may be worked 
with safety during running of cement to assist in floating 
out clay and shale from around the pipe and reduction of 
voids in the completed cement job. Higher pressures 
may be used on a cement squeeze job, and for bumping 
cementing plugs. 

The requirements of a casing joint are collapse strength 
equal to or greater than the pipe, sufficient tensile 
strength to carry the full load of the casing string with a 
satisfactory safety factory and finally gas and liquid 
tight quality. The reinforcement of welds provides a 
greater cross section at the welds than in the wall of the 
pipe thus furnishing greater resistance to collapse at and 
near the weld. The positive leak proof quality of welded 
joints is recognized by all branches of the oil and gas in- 
dustry. It is the experience of pipe line companies that 
with qualified welders and high strength welding ma- 
terials of standard manufacture now available, all but a 
very small part of pipe welds have greater strength than 


the parent metal of the pipe. Welding satisfies al! of 
the requirements of a casing joint. 

The average tensile strength of threaded and coupled 
joints is equal to sixty per cent of the strength of the 
pipe. Specially designed joints will furnish tensile 
strength of approximately seventy-five per cent. The 
weakness of all threaded and coupled joints is that 
changes in temperature or load on the joint will open 
small leaks. It is practically impossible to insure a per 
manent leak proof job of threaded-and-coupled joints 

At the end of 1937 there were three hundred and fifty 
one thousand producing wells in this country, averaging 
thirty-two hundred and twenty-five feet in depth. As 
suming a conservative average of four thousand feet of 
casing per well in the producing wells, there is now one 
billion four hundred million feet of casing in these wells, 
or more than two hundred and seventy thousand miles 
During 1937 drilling of completed wells in the United 
States totaled ninety-four million feet. The casing run 
in oil and gas wells in the United States during last year 
was something more than one hundred million feet, or 
twenty thousand miles. 

Drilling operations are continuous throughout the 
year, being little affected by seasonal changes. Ap- 
proximately seventy-five wells were completed each day 
in 1937. Averaging four thousand feet per well over 
three hundred thousand feet of casing was run in wells 
each day of the year, or approximately sixty miles. 

The oil industry can measure the certainty of its futur: 
existence by its developed reserves. At the end of 1937 
the known developed reserves of the United States was 
equal to thirteen and one-half billion barrels, based on 
the 1937 production this amounts to ten and seven-tenths 
years supply. Annual production of crude oil in the 
United States is increasing at the rate of more than five 
per cent per year. 

To maintain the known reserves in excess of ten years 
supply new sources must be discovered each year with 
potential production of greater than one hundred 
fifty per cent of the year’s crude consumption. To main- 
tain its relative position the oil and gas industry must 
drill an average of more than twenty-five thousand wells 
per year. It is conceded by the oil and gas industry that 
the greater part of the shallow producing areas have been 
discovered; and that new discoveries will continue to be 
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Fig. 10—Welding Operators Building Up Completed Girth Weld After 
Alignment Cage Has Been Removed and Weld Inspected. Alignment 
Cage Normally Left in Place Until Completion of Weld 


made at greater depths. It is reasonable to assume that 
luring the next ten years at least one hundred million 
feet of casing will be run in oil and gas wells each year. 

[his paper is not intended to introduce any untried 
methods or equipment, but to outline the field open to 
the development of welding in the production division of 
the oil and gas industry, and to report a part of what has 
been done. Two very excellent papers on the subject of 
casing welding prepared under the sponsorship of the 
American Petroleum Institute are recommended for ref 
erence on this subject. One written by Mr. Marvin 
Cook of Humble Oil & Refining Company of Houston, 
lexas, was read before the Division of Production of the 
\{merican Petroleum Institute at its sixth mid-year meet 
ing at Tulsa, Oklahoma on May 14, 1936. <A paper pre 
pared by Mr. L. R. Hodell, Director of Production Re 
search of Carter Oil Company, entitled Circumferential 
Field Welding of Casing was read before the Eighteenth 
Annual Meeting, American Petroleum Institute, Chicago, 
Illinois, November 12, 1937. Extracts from Mr. Hodell’s 
paper were published in the Oil and Gas Journal issue of 
November 12th and in the November issue of the Ps 
troleam Engineer. The complete draft of Mr. Hodell’s 
paper was published in four weekly installments in the 
Oil Weekly beginning with the issue of December 6th 
Mr. Hodell’s paper contains very valuable data collected 
from experience in running welded casing in wells in 
Oklahoma and Kansas. 

Casing welding originated with the setting of welded 
conductor pipe. Conductor strings usually short and 
of large diameter, were connected with simple types of 
joints which could be easily displaced with satisfactory 
results with even a low quality of welding 

Welding of longer surface strings was not attempted 
until after development of improved methods of arc and 
oxyacetylene welding. Welding of long flow strings 
waited until the development of satisfactory welding 
practices from the successful welding of less important 
surface strings, and was not attempted until early in 
1937. Urged by the economies of welded casing and its 
engineering advantages, and with a record of satisfac 
tory welded casing jobs, the American Petroleum In 
stitute, at its last annual meeting, gave consideration 
to the welding of casing for future adoption as a stand 
ard practice in the drilling of oil and gas wells. 

More than two hundred strings of casing have been 
welded in the East Texas field using the oxyacetylene 
process. 
pipe as casing resulting in an excellent saving. Very 
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This method permitted the use of salvaged line 
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good results can be obtained full 


assurance ol 


strength in leak proof joints by welding casing with thi 
backhand process of oxyacetylene welding where thx 
time required for the job is not « idered a handicap to 
the use of this method. Because of the heat applied by 
this method almost as much time is required for cooling 


of the weld after completion as is required for all the other 
operations of welding. A big advantage of oxyacetylen 
welding is that it permits use of salvaged and torch bev 
eled pipe with plain butt welding 

The general practice of casing welding first becam« 


popular in the California fields, but due to the greater 
drilling activity there has been a greater use in the past 
vear in the Midcontinent and Gulf Coast fields. Mor 
than three thousand strings of arc-welded casing have 


been run in these producing areas 


rhe most popular type of joint in casing welding is the 


bell and spigot joint because of ease of alignment a1 d 
positive protection against penetration of the weld in 
side the joint The plain and butt-welded joint has bee 
used by Carter Oil Company because of tensile strength 
and the advantage of clearance offered by this type of 


joint wed with time 


and cost 


Description of the procedure foll 
data is furnished by Mr. L. R. Hodell in hi 
pape! It is « xpected that a satisfactory double bell and 
ring type of joint will be developed this year to combine 
the advantage of the tensile strength of butt welds with 
the protection from weld-metal penetration offered by 
the bell and spigot joint 


Specially trained and qualified welders are required o1 


casing welding Che principles of pipe welding are th 
same as on the welding of pipe lines, but to insure a con 
sistent high quality of welds the welders must have suf 
ficient training to be experienced in welding in the posi 
tions required. This training mf&y be gained on the 
welding of conductor type or by a term of practice o1 
joints similar to that of the casing and in the same posi 


tion as the welding will be done in t 


A subcommittee of its general pipe committee was ap 
pointed by the American Petroleum Institute at its last 
annual meeting to gather information on and provid 
standards for the welding of casin; Chairman of thi 
committee is Mr. L. R. Hodell of Carter Oil Company 
At its first meeting this committee recommended that 
casing welding is a contractor's job since it requires the 
maintenance of a group of specially trained welders 


Before casing welding will become general practice ther: 
must be established contractors for this work easil\ 
available to the producers where drilling is active. Such 
service is readily available in the East Texas and Texas 


Gulf Coast fields, and it is expected that it will be ex 
tended into the Oklahoma and Kansas fields this year 
All of the operations of running welded are 


Casing 


similar to the running of threaded-and-coupled casing 
excepting the operation of alignment of pipe ends and 
the operation of welding [wo or more welders work 
together on each joint to reduce welding time Phe 
number of welders employed depends on the size of the 
pipe and the advantage in cost gained 

Using the oxyacetylene process, the casing string is sup 
ported by slips with the joint to be welded at a conven 
ient level little above waist-high [wo or more welders 
complete the weld with a backhand procedure From 
three to five minutes is required for cooling before the 
joint can be loaded, the casing raised from the slips, and 


the casing string lowered int 

In the arc welding 
five-eighths inches in diameter the « 
to employ two welders 
on opp ysite sides of the pip¢ between tacks 
a two-bead well in 


» position for the next weld 
of bell and spigot pipe of nine and 
mmon practice 1s 
Che welders after tacking start 
and complet: 


a complete circuit around the pipe 


with continuous welding. As each welder reaches the 
starting point of the other with his first or stringer bead, 
he continues on with a larger diameter electrode over- 
lapping the stringer bead of the other welder with his 
filler bead and without scaling of the stringer bead. On 
13°/s inches and larger casing, three or more welders work 
simultaneously, starting at points equally spaced around 
the circumference of the joint. Each welder covers his 
own stringer bead with the filler bead using larger diame- 
ter electrode and without scaling. Thirty seconds is 
allowed after completion of welding for the weld to cool 
before it is loaded by picking up the string from the slips 
and lowering into position for the next joint. Running 
casing averaging in length forty feet per joint with this 
procedure, the time required for running welded casing 
will approach very closely the time for running threaded- 
and-coupled casing of similar size. 

On the are welding of casing strings of bell and spigot 
pipe of 7 inches and smaller diameter of oil strings of 
6000 feet and longer, the customary practice is to use two 
welders, each welding half of the joint and working on 
opposite sides. Three beads are run, scaling after each 
bead. The time required for making the three bead weld 
is reduced by quenching with a cold water spray on the 
pipe above the weld after the second and third bead. 
All who are interested are not in agreement as to the pro- 
cedure for the welding of the smaller size and longer oil 
strings. A number of changes will be made in the weld- 
ing procedure to insure consistent weld strength and 
ductility without penalty of additional time requirement 
for running the welded casing. 

On casing larger than 13*/s it is customary to use three 
welders on each joint. Where time is an important fac- 
tor more welders may be employed, but it is the experi- 
ence of welding contractors that welding cost will be 
greater. Insome cases additional welding cost will be off- 
set by a reduction of total rig time in running the strings. 

The greatest objection to the use of welded casing is 
that the time required is greater than the time required 
for running threaded and coupled casing of similar sizes. 
Where casing is being set through caving formations the 














additional time adds to the hazard of getting the cas; th 
stuck before it is landed on the bottom. Part of tl st 
hazard is reduced by the fact that strings with weld gan t 
joints can be worked in the hole without damage to t spons! 
joints. Up to this time practically all of the thought d workt 
voted to casing welding has been on the training of weld condit 
ing personnel and development of welding procedur: 0 | 
A great deal can be done to increase the speed of runni: re 
welded casing by adaptation of the other operations ji they 
the rig to the running of welded strings. Thought is equip 
being given to suitable operation in the handling of th: ing Vv 
pipe to permit handling of eighty foot lengths, thus cut prope 
ting the number of welds required in half which should $s per 
give welded casing the advantage over threaded-and rh 
coupled casing in total running time. expel 
On oxyacetylene welding of casing the equipment used recon 
is the same as used for welding pipe lines. On are weld both 
ing standard portable gasoline-driven welding generator lime 
of three hundred amperes capacity are generally used car | 
To insure against any delay resulting from machi chas¢ 
trouble an extra welding generator is carried to the selli 
for a standby. The welding generators are mount mate 
either three on a large truck or two on a smaller truck { price 
movement to the well location. Where the smaller Al 
truck is used with two generators, the third or stand} reas 
generator, may be mounted on a pick-up truck. IS Uj 


It has been predicted that when a casing welding set end 


vice is developed, as easily available to all fields as th rate 
service of a well-known oil well cementing organizatior secu 
welding of the major part of the oil-well casing will b Al 
universal. lor t 
It is a little early in the experience of casing welding 1 ing 

predict the rate of progress of this development or witl 
name standards for welding procedure, tools or material stor 
The welded joint has the advantage of economy 0\ hav 
other types of joints on pipes of all sizes and in all length tool 
of casing strings. Many successfully completed weld poss 
casing strings have proved their quality for acceptance lorn 
a practice by the oil and gas industry. Developme: app 
must be along the line of speeding up the completed a re 
without any loss of quality in the welded joint 

car 


USE of WELDING in RECONDITIONING 





By T. W. MOSS! 


ELDING has become a paramount factor in the 
VV manufacturing of automobiles. Without the mod- 

ern welding facilities of today, cars, and particu- 
larly the bodies, could not be built with the present day 
style, safety and durability. 

Adequate methods and facilities for electric arc and 
gas welding are equally important in servicing and re- 
conditioning the cars of today. 

What do we mean by reconditioning used cars? A 
reconditioned car is one that has, as nearly as possible, 
been restored to its original appearance and performance. 

Used car reconditioning started when the first used 
car was traded back to a dealer as part payment for a 
new car as the dealer was forced to recognize the impor- 


Used Cars 


tance of restoring the original appearance and performa! 
in order to resell it at a satisfactory price. In the da) 
of wooden and composite bodies, the dealer had to di 
pend largely on carriage and blacksmith shops for bod) 
and sheet metal repairs. It was very difficult for 
dealer to completely restore the original appearance ol 
car that had been damaged by accident or had deter: 
rated from natural causes, without renewing the bod 
and sheet metal which, in most cases, was prohibited b 
cost. Unsightly repairs often resulted even with tl 
best available equipment and workmanship and althous 
the dealer spent considerable money in improving t! 
performance of the car it was not always a salable pi 
of merchandise because of its appearance. 


The necessity for having adequate reconditioning 


* Paper to be presented at Annual Meeting, A. W. S., Detroit, Mich., Oct Z ee : 
16 to 21, 1008 facilities became more apparent as new car sales grew 
+t General Service Manager, P! outh Dodge, De Soto, Chrysler, Chrysle ~ ame ] 
Corp. Detroit, Mich. ee ester, Nrysier and the number of cars traded back to dealers increas« 
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the same time the demand for repair facilities in 
ised as the purchasers of both new and used cars be 

van to charge the dealer who sold the cars with the re 

sponsibility of making available repair parts and trained 
rkmen to keep their cars in satisfactory operating 
dition. 

So we see that the reconditioning of the cars traded in 

resale and the repairing or maintaining of cars while 

ey are in the hands of owners requires the same tools, 
juipment, trained workmen and parts. Recondition 
¢ work being performed after the car becomes the 
perty of the dealer, while service or maintenance work 

is performed for the car owner. 

[he principal difference, however, is in the matter of 
Here the dealer becomes vitally interested in 
reconditioning facilities that will permit him to reduce 
both time and expense to the lowest possible figure 
lime because competitive conditions require that the 
car be resold in the same market in which it was pur 
chased, and expense, of course, because it affects the 
selling price of the car. Both of these factors, however, 
materially affect the possibility of resale at a satisfactory 
price 

Although good service facilities must be provided at 
reasonable prices the control of used car reconditioning 
is uppermost in the minds of car dealers today, to the 
nd that many large dealerships have established sepa 
rate reconditioning and service shops in an attempt to 
secure more efficient operation of both departments. 

All-steel bodies and sheet metal are largely responsibk 
for the appearance of the car, and with the modern weld 

and painting equipment it is possible for a dealer 
with a reasonable amount of equipment to practically re 
store the original appearance of the car. The chassis 
have been simplified, personnel educated, and service 
tools and equipment developed to a point where it is 
possible also for dealers to restore the original per- 
formance of a car. <A car which has both the original 
appearance and performance restored can be considered 
onditioned car. 

Here are the operations performed on the average used 
car by dealers using modern reconditioning methods 


xpense. 


a ree 


Che exterior of the car body, fenders, top, running 
gear and motor are thoroughly cleaned with mod 
ern steam and chemical cleaners. This removes 
all grease and dirt and leaves all surfaces ready to 
work on. . 

2. Work required to restore the original performance 
of the engine, clutch, brakes and other units of the 
car is then performed. 

3. Next, the needed sheet metal repairs are made 
dents removed from body panels, fenders, splash 
aprons, etc. Torn fenders are welded and rein 
forcements added, braces heated and straightened, 
frames repaired, etc. 

In this phase welding equipment of all kinds plays 
an important part. It is truly the magic wand 


that permits many parts to be repaired, joined or 
straightened, which could not be replaced or re 
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paired by other methods as satisfactorily and 
economically 

t. After the sheet metal parts are straightened and 
repaired the welds and small dents are soldet 
filled and the surfaces prepared for painting, using 
power bumping and sanding equipment 


metal surfaces 


5. Rust spots are removed, bare 
primed, and the remainder of the exterior surfaces 
prepared for painting his includes the masking 
of all glass, bright metal part such as door 
handles, bumpers, etc 

6. The first finish coats are then sprayed on the car 


Primers ar 
the color 


using modern spraying equipment 

surfacers are applied first, followed by 

Modern quick drying aut 
permit this work to be done quickly and at the 
same time provide a beautiful, durable finish 

i he interior of the car, 
is next cleaned with a powerful vacuum cleane 
If necessary, the trim is scrubbed with a mild soap 


coats 


cusnio! 


and water solution as modert acuum cleaner 
have sufficient suction to remove all of the cleani 

solution, preventing any possibility of mildew o1 
mold and leaving the interior of the car clean and 
fresh. 


S. While these operations have been taking 
battery and tires have been removed Batteri 
are recharged or replaced 
treads are regrooved or tires replaced if worn t 
the point where replacement is advisable 

Chis brief outline shows that proper used car recondi 

tioning can restore the appearance and performance of a 
car when properly and systematically carried out. 

It has, however become more involved as 


competition have increased and is today a very important 


as necessary Dire 


sales and 


dealer activity. Acetylene welding equipment is re 
ognized by most dealers as essential to their service and 
used car reconditioning departments, as this type 


equipment is used for welding, soldering 
bodies and sheet metal, and for welding and 
ing many chassis parts. Electric aré equipment 
is used by some dealers on certain types of body 
metal work, particularly where the flame of a torch would 
damage a larger area of finish, or necessitate removi! 
idditional upholstery. 

\s a factory service division we are fully 
responsibility in seeing that the automobiles built by our 
company are properly and economically maintained fot 
the original buyers, and that the dealers taking the cars 
in trade are able to, as nearly as possible, restore the origi 
nal appearance and performance in order 
can be resold to advantage and will still be a credit t 
the names they bear. 


re palril y 
straighte1 
we ] li ? 


ind sheet 


aware oO! oul 


We know the job cannot be done without adequat: 
welding facilities. Therefore, we art mtinuously ad 
vocating that our dealers equip their shops with adequate 


welding equipment. Our recommendations in conne¢ 
tion with all such equipment are confined 
adequacy, the type and make being left 


WC) ¢ f 
dealer’s own choice and judgment 
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1938), vol. 11, no. 3, pp. 30-31 (April) no. 4, pp. 15-17 

Machine Tools. Economical Use of Butt-Welded Tools. 
Sanderson. Mech. World (Aug. 5, 1938), vol. 104, no. 2692 
123-124 

Mine Surveying. Orientation of Underground Survey 
Correlation Between Two Shafts—With Appended Notes on Inter 
polation with Traverse Tables, W. H. Wilson. Inst. Min. & M 
Bul. no. 406 (July 1938) pp. 5-13 

Oil Wells. Welding Oil Well Casing, C. A. Mulligan. Indu 
& Welding (April 1938), vol. 11, no. 4, pp. 18-20. 

Petroleum Pipe Lines. Advancements in Pipe Line Const: 
tion and Operation, F. H. Love Petroleum Engr. vol. 9, no 
(Mid- year) 1938 pp. 29-30. 

Pipe, Cast Iron. Multi-Lengthening Cast Iron Pipe by W 
ing, C. L. Lane. Can. Engr. (Dec. 21, 1937), vol. 73, no. 25, 1 
os 

Pipe Lines. Speeding Construction of Pipe Lines, G. Syl 
Petroleum Engr. (Aug. 1938), vol. 9, no. 12, pp. 62-64 

Rails. Sperry Rail-Welding Equipment. Engineering (Jur 

Steam Pipe Lines. Use of Backing Rings in Welding High Pr 
sure, High Temperature Piping, S. Crocker. Heating, Piping a: 
Air Conditioning (July 1938), vol. 10, no. 7, pp. 466-467. 

Steam Pipe Lines. Long Pipe Lines Ties in Steam Plants, Si 


plies New Continuous Strip Mill, J. M. Main. Heating, Piping § 


Air Conditioning (Aug. 1938), vol. 10, no. 8, pp. 524-525 

Steel Hardening. Hardening Gear-Teeth by Oxyacetyle: 
Flame Engineering (May 27, 1938) vol. 145, no. 3776, pp. 59 
592 

Viaducts. Welded Expansion Joints, T.P. Young. Eng. N 
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Rec. (Aug. 4, 1938), vol. 121, no. 5, p. 156 

Water Pipe Lines. Welded Steel Pipe for City of Toronto Wat 
Works Extension, C. R. Whittemor« Eng. J. (July 1938), vol 
no. 7, pp. 330-341 

Welding. Progress of Welding in Petroleum Industry, C 
Mulligan. Petroleum Engr., vol. 9, no. 10 (Midyear) 1938, 1 
133-134 

Welds Design. Better Welded Design. Product Eng \ 
1938), vol 49, no. 3, pp 296-298 

Welds X-Ray Analysis. X-Ray Examines Welder’s Han 
work—II, F. W. Paine. Industry & Welding (April 1938), vol 


no. 4, pp. 22-23. 


MACHINE FLAME CUTTING 





By OTTO C. VOSS 


XYACETYLENE cutting in this day is a highly 
developed art. There can be no doubt that it has 
been one of the main factors in bringing electric 

welding to its high stage of adaptability. Foremost in 
the field of cutting is the automatic or semi-automatic 
machines carrying one or several torches producing 
single or multiple cuts. 

There are several machines on the market at the pres- 
ent time which are capable of producing cuts of high 
accuracy, but it is important to the purchaser that he 
select the machine which is best adapted for his work. 
For instance a multiple torch machine would be highly 


* Paper to be presented at Annual Meeting, A. W.5S., Detroit, Mich., Oct 
16 to 21, 1938 
t Allis Chalmers Mfg. Co., Milwaukee, Wis 


with Small Machine 


impractical for a job shop where perhaps one or tv 
pieces of each size and shape are required. 

There are two general ways of guiding the torch in t] 
path required, either by hand manipulation over a trac« 
path either on the plate to be cut or a layout, and b 
following a fixed track. 


The first method requires skill on the part of the opera 
tor, the second, skill on the part of the man producing th 
track. Back of both methods, of course, lies the layout 


man who produces the original template from whi 
the machine is guided or the track produced. 

The layout man is the real key to the problems of pr 
ducing cut shapes which can be assembled into a weld 
structure without further machining. In addition 



















Exhaust End and Generator Base Plate—115,000 Kw. Steam Turbine 





» Yoke of 28,000 Kw., 3 ph., 94.7 R.P.M. Vertical Water Wheel Generator 












































being able to reproduce into templates the parts shown Rotor Spider with Ficld Coil end Pole of 32,800 Kve., 180 R.P.B 
on the prints he must also have knowledge of the welding 25-Volt Generator 

procedure, technique, shrinkage, etc. 

_ The machine operator is also an important factor in 
the cutting of plates to small tolerances. He must, in 
the first place, keep his torch or torches clean so as to 
produce the cuts free from irregularities. Second, he 
must have knowledge of the proper size torch and gas 
pressures to use on each plate thickness. And third, 
he must be able to adjust his torch to the correct angles, 
speeds, etc. 

\ shop equipped then with proper machines and per 
sonnel should be able to make use of the oxyacetylene 
process to the highest degree. A great many jobs can 
be produced with very little machining or other shaping 
before the welding process. Housings, frames, bases 
and structures of similar design can be easily adapted 
to this type of work. 

One of the greatest fields of use for the small cutting 
machine is the cutting of flanges, covers, rings, levers, 
etc., Which can be machined without further work. A 
great deal of time is saved where the job must be de 
livered in a hurry and the saving over a casting where 
the pattern cost involved is considerable. 

In our own shops we have produced practically an 
infinite number of structures, both simple and complex 
over a period of years. They range from simple detail 
parts to large welded assemblies weighing 40 to 50 tons 
In fabricating them we have used plates varying from 

s to 14 inclies in thickness. Most of our work has to be 
machined in the final processes of manufacture, and is 
therefore held to very close tolerances averaging around 

; inch. However, we have found oxyacetylene cut 
material perfectly capable of meeting the requirements 
of all work in this line. 


At ere > Oe ee 






8 Feet 0 Inch Ball Pet Mill—Welded Steel Base for 30-Inch Timken 
Roller Bearing Spider Ring of Bi 


ot 





1938 MACHINE FLAME CUTTING 69 


Related Events 


A MESSAGE FROM OUR 
PRESIDENT 


lo the Members of the 
AMERICAN WELDING SOCIETY: 


As the date of our Annual Meeting at 
Detroit approaches, and my term as Presi 
dent of the Society draws to a conclusion, 
I look forward with happy anticipation to 
a full reunion of our officers and personnel 
at Detroit, and to forming or renewing 
acquaintance with those whose labors have 
made possible the material progress which 
we have witnessed within the past year 

The plans for our Nineteenth Annual 
Meeting, which will be held in conjunction 
with the Metal Congress and Exposition, 
are now complete; each member of the 
Society has been furnished with a detail 
program. Through the activity of our 
Program Committee a series of outstand 
ing papers has been made available. The 
number of these papers represents an in- 
crease of forty per cent over those pre 
sented at the 1937 meeting, and we are 
confident that, in the varied fields of dis 





P. G. Lang dr. 


cussion represented, each of our members 
can find something of interest and profit 
to make his visit to Detroit worth while. 
Another object of these Annual Meetings 
is the informal exchange of ideas and in- 
formation, representing the fruits of ex- 
perience acquired during the preceding 
year. The actual value of a single item 
of information thus obtained may repre- 
sent many times the cost of attendance 

On these occasions the elective offices of 
the Society ordinarily pass into new hands, 
and the business meeting for the transac- 
tion of essential matters occurs. At the 


Detroit gathering the Business Meeting is 
scheduled for the Final Session, instead of 
at the beginning. It is hoped that all 
attending members will so arrange their 
plans as to remain until the final day, and 
encourage the incoming President by their 
presence. As your retiring President it is 
to be my duty and pleasure to render an 
account of my stewardship 

Also, the value and importance of the 
social feature should not be overlooked 
As practitioners of a common art and 
science, we should seek to know each 
other in the social as well as the profes- 
sional character, and to extend the bond of 
union and friendship. To this end, I 
wish to express the sincere hope that our 
members will, on this occasion, be accom 
panied by their families. Our program 
has been formulated with due regard to 
the interests of the ladies, and to them also 
the City of Detroit offers a most attrac- 
tive field for diversified recreation. 

Those interested in the welfare of the 
AMERICAN WELDING SOCIETY may regard 
the material accomplishments of the past 
year with profound satisfaction. As a 
result of our promotional efforts and of the 
expanding interest in welding, our mem- 
bership has undergone an increase of 50 
per cent, and new local sections have been 
established in many large centers. The 
1200-page Welding Handbook, which has 
been in course of preparation for the past 
few years, and represents the collaboration 
of approximately 350 outstanding experts 
in this field, working in conjunction with 
our Editorial Committee, has been pub- 
lished, and has already been widely dis 
tributed. The codes and specifications 
originated by the Society, including its 
Bridge and Building Specifications, and 
Codes for Qualifications of Operators, Ma 
terial and Equipment, have acquired in 
creased recognition as the country’s stand 
ards. Industry is supporting a compre- 
hensive program of research under the 
auspices of the Society, which confirms its 
position as one of the outstanding organi- 
zations in this field. 

Thus, we may look backward upon a 
year of accomplishment, and forward to 
a happy reunion at Detroit, followed by a 
twelvemonth of accelerated progress. Our 
incoming President, Mr. H. C. Boardman, 
has already given ample proof of his de- 
votion to the interests of the Society, and 
his capacity for constructive activity. His 
labors as Chairman of our Committee on 
Outline of Work have been of inestimable 
value. I am confident that his Presi- 
dency will be characterized by activity and 
progress in every field, and, on my own 
part, I wish to assure him of my desire to 
cooperate in any manner possible to make 


70 











pr 

Sa C 
his administration an era of unpreceden Monurm 
accomplishment. This sentiment, I hay folder ¢ 
no doubt, is shared throughout the | tra 
sonnel of the Society. 

It is a matter of profound regret that |] Cr 
shall probably be unable to personal DEC 
greet and thank each of those to whose ef STC 
forts the Society’s progress during the | 
year has been due. I wish, however: oo 

pi 


this time, to make a general acknowk 
ment of my debt and that of the Societ 


to these willing and efficient coworker: 6 nn - 
express the hope that each of you will ha re ts 
a most happy and profitable visit to D pe on 
troit, and that, during the succeeding y: <j . 
you will accord to Mr. Boardman a < ay “ 
tinuation of the loyal and effective supp ' 1 
with which you have favored me a 
P. G. LANG, JR 
NATIONAL METAL EXPOSITION oo 
AND CONGRESS set 


The third week of October will 
busy and interesting one for member 
the American Society for Metals, judg 
by the tentative technical program just 
nounced for the annual convention. 

The program will get off to a fast sta 
on Monday, October 17th, with two sin 
taneous morning sessions and before 
week is ended forty-nine lectures by sor 
seventy-six authors will have been pr 
sented. 

Two educational courses will be among 
the features of the program. One cour 
begining at 4:30 each afternoon of tl! 
week will take up machinability of ste 
and nonferrous metals, while the other, t 
be delivered at 8 p.m. on Monday, Tue 
day and Wednesday, will be on pyrometry 

Government, college and industry ar 
well represented among the seventy 





men who have devoted a great deal of 1 — 

1 
search during the past year to this pr Pr 
gram. Cl 


The program itself is part of the attra 
tion that will bring 10,000 metal men 
the National Metal Congress and I! 
position this third week of October. pl 


The Exposition and afternoon technica al 
sessions will be held in the Conventio I 
Hall, Detroit. The Exposition is alread) 

W 


far larger than last year’s show, with mor 
than 230 leading companies taking spat 
as exhibitors. a 


INTERNATIONAL ACETYLENE : 
ASSOCIATION MEETING 


International Acetylene Association ha 
decided to hold its next convention in th 


spring of 1939 instead of this fall. 











o doing it expects to give those in- 
1 in welding and its allied subjects 
nortunity to attend without conflict- 
h their attendance at the meetings 
associations whose activities are 


WELDED ERECTION SEATS 

ry interesting pamphlet on the sub- 
Erection of Welded Structural 
by Welded Erection Seats,”’ has 

prepared by Mr. Van Rensselaer P 


Saxe, Consulting Civil Engineer, 100 W. 
Monument Street, Baltimore, Md. This 
folder contains pertinent engineering and 


trative data 


COMBUSTIBLE GAS FROM 
DECOMPOSED SEWAGE TO BE 
STORED IN NEW WATERLESS 

TYPE HOLDER 


\ pressure gas holder (see illustration), 
ynparatively new type for storing gases 
generated by decomposition of sewage, has 
en completed at the Cuyahoga Heights 
utherly plant of the $14,000,000 sewage 
lisposal project of the City of Cleveland, 





is a 57'/e foot diameter arc 
welded sphere having a capacity of 200,000 
ft. of free gas at 29 pounds operating 
ureé The design and method of con- 
tion made it possible to obtain the 
juired capacity in a structure which is 
onsiderably smaller than would be the 
ise with other types of holders. The 
naller size provides savings, not only in 
nitial cost, but also in operating costs, 
re no moving parts. Mainte 


ince costs are expected to be negligibl 





Like a Bubble, This Structure Has Uniform 


Stress in Every Part. It Is an Arc-Welded 

Pressure Gas Holder Recently Completed at 

Cleveland, Ohio in a $14,000,000 Sewage Dis- 
posal Project 


The purpose of the holder is to store gas 
produced in excess of normal consumption 
and to pay out deficiencies as required. 

he sphere floats on the line in much the 
same manner as an elevated tank in a 
The surplus gas in the 
sphere will be compressed and paid out 
into the service lines as needed for labora- 
tory, boilers and two 400 horsepower gas 
In normal operation of the plant, 
with the sphere off the line, gas is gener 
ited at a pressure of approximately 20 
nches of water which is sufficient to sup- 
ply the engines and boilers. Generation 
{ gas is by natural decomposition, ac- 

elerated by controlled digestive elements 


water system 


engines 
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The designers of the disposal project, 
George B. Gascoigne and associate 
Cleveland, liken the sphere’s form to a 
bubble, nature’s example of a structurt 
having uniform stress in every part 

The holder was fabricated by the Chi 
cago Bridge & Iron Company, Chicago 
Illinois by welding, using shielded arc ty] 
electrodes 


In constructing the sphere, steel plat: 


was cut and formed in such a way as to 
provide the desired shape when the pieces 
were assembled together Plate edges 
were scarfed to assure complete penetra 
tion of welds. All joints, were butt welded 
from both sides. Where more than on 
bead of weld-metal was applied, each bead 
was scraped, wirebrushed and peened be 
fore application of the next 

All welders employed in construction of 
the holder were qualified in accordance 
with the U-69 qualification tests of the 
A. S. M. E. code for unfired pressure 
vessels 

When 


holder was tested to a pressure of 45 


erection was completed, the 
pounds per sq. in. minimum, after all joints 
were coated with linseed oil 


EVENING GRADUATE COURSES 


Stevens Institute of Technology is offer 
ing for the first time during the academi 
year 1938-39 evening graduate courses for 
Engineers 

NEW YORK SECTION LECTURE 

COURSE 

A series of 12 lectures will be given by 
this section in cooperation with the Poly 
technic Institute of Brooklyn, commencing 
November 22, 1938 


XIII INTERNATIONAL ACETYLENE 
CONGRESS 


The letter reproduced below has been 
received by the Technical Secretary. Any 
one desiring to participate in this Congr 
should communicate with Mr. W. Sprara 
gen promptly 

August 1 1938 
Dear Mr. Spraragen: 

In July 1939 the Thirteenth Inter 
national Acetylene Congr will be held 
in Munich I have been asked by tl 
General Secretary to take charge of the 
Division on Technical Testing of Welded 
Joints. Consequently I should like to in 
vite you and the members of your Society 
to take part in this part of the Congres 
At the same time I should like to know 
who among your Society is in a position to 
contribute papers on the Testing of Gas 
Welds and Gas Welded Structures. I will 
be much indebted to you if you will tell 
me the names and addresses of those po 
sibly interested, and in what subject they 
will be interested so that I can correspond 
with them 

Yours truly, 


(Signed) O. Graf 
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WELDING DAM CONSTRUCTION 
A new T.V.A 


gates and one trash gate to be installed in 
t 


order for 18 spillway 


he Chickamauga Dam on the Tennessee 


SOCIETY AND RELATED ACTIVITIES 
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has been provided. Members of the 
Society may obtain copy of this program 
by writing to Mr. R. E. Brown, Secretary, 
The Wire Association, 17 East 42nd 
Street, New York, N. Y 


SURELY HERE IS ‘‘ART’’ IN 
CUTTING 


On November 5, 1871, west of Wicken 
burg, Arizona (now on highway U. S. 60), 
the Wickenburg-Ehrenburg stage was am 
bushed by Apache Mohave Indians and 
eight of its occupants massacred To 
memorialize this gruesome happening and 
identify the locality involved, the Arizona 
Highway Department designed and ere: 
ted a most attractive monument as here 
illustrated. The stage coach, driver and 





Ph tograph Courtesy of 


Victor Equipment Company 


horses were cut out of steel plate with a 
cutting torch, as was also the memorial 
tablet. The tablet, incidentally, was cut 
to simulate the Arizona state boundary 
lines. The letters were imposed upon the 
steel plate by arc welding, after which the 
entire tablet was sprayed with bronze 
paint. And so does welding and cutting 
play its part as well in the arts as it does 
in industry. 


LOUIS J. LARSON 


Louis J. Larson having resigned his 
position with the A. O. Smith Corpora 
tion, has established a consulting engineer 
ing service on welding and related prob- 
lems including the design for welding, a 
study of production methods, and the 
development of procedures for welding 
special alloys. 
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NEW WELDING SCHOOL AT 
WESTINGHOUSE 


Complete with the most modern equip 
ment for D.C., A.C. and automatic welding 
the new welding school in the East Pitts 
burgh plant of the Westinghouse Electric 
& Manufacturing Company is designed to 
give thorough training to each student and 
inform him on the latest practices in the 
art of arc welding. 

School begins the students’ training with 
bare wire, which requires a high degree of 
skill. Therefore, the students’ training 
begins with bare wire in order to emphasize 
fundamentals of good fusion and proper 
penetration, and develop skill in welding 
After the student has received sufficient 
instruction with bare wire, training starts 
with coated wire. 

Believing that the development of skill 
in manipulation of the arc is essential, 
each student is assigned an individual 
machine, which he uses throughout the 
course. Two instructors are on duty at 
all times so that each student has ampk 
individual instruction and guidance 

Instruction is given in welding with 
direct current, alternating current trans 
former type welders and automatic weld 
ing equipment. Suitable lectures on 
theory and on care and operation of ma- 
chines are included in the course. 

[he complete course consists of 200 
hours. The average work week is 40 
hours so that except for holidays inter 
fering, the course is concluded in five 
weeks. 


Power Giant—New 50,000 Kw. Turbo-Genera- 
tor Stator and Housing Built by the Westing- 
house Electric & Manufacturing Company for 
the Schuylkill Power Station of the Phila- 
delphia Electric Company, Being Lifted from 





the Test Floor of the East Pittsburgh Westing- 

house Works. The Two Horizontal Openings 

Are for the Water-Cooled Hydrogen Coolers 

Which Will Dissipate the Heat Generated as 

the Machine's Rotor Spins Around 3600 Times 
a Minute 


NATIONAL SAFETY COUNCIL 
SILVER JUBILEE 


The Silver Jubilee Safety Congress and 
Exposition sponsored by the National 
Safety Council will be held in Stevens 
Hotel, Chicago, Oct. 10 to 14, 1938 inclu 
sive. 

Members of the AMERICAN WELDING 
SocrETY are cordially invited to attend 
these sessions. 


THE WELDING JOURNAL 


WELDING SAVES 30 TO 60% IN 
MANUFACTURE OF COMBUSTION 
EQUIPMENT 


he construction of pulverizing 
dust collecting systems is the prin 
interest of the Raymond Brothers Diy 
of the Combustion Engineering Company 
Chicago, Ill. Collector apparatus, d 
coal pulverizers and cage mills ar 
of the basic equipment produced by 
company which reports a saving of fr 
30 to 60 per cent in shop costs since ado 
ing welding as a fabrication tool. Fy 
methods of construction, which iny 
riveting, were not only slower and 
expensive but entailed more com 
designs. Moreover, welding prod 
equipment which is absolutely 
tight 





Operators Fabricating a Classifier for a Coa 
Pulverizer for the Southwest Sewage Treatment 
Works of the Sanitary District of Chicag 
Using a Multiple-Operator Constant-Potentia 
Arc-Welding Equipment 


JURY OF AWARD, AFTER JUDGING 
LINCOLN FOUNDATION PAPERS 
FINDS $1,600,000,000 SAVINGS 
AVAILABLE TO INDUSTRY 


382 Awards in the $200,000 Founda- 
tion Program Made to Authors 
Throughout Industry 


Che Jury of Award of the James F. Li 
coln Arc Welding Foundation, Clevelat 
Ohio, after judging thousands of paj 
submitted in the $200,000 Award Pr 
gram, found that savings to industry 
arc welding claimed by authors of paper 
aggregates $1,600,000,000. The Jury 
statement, released Sept. 15th at the co! 
clusion of its judging of the papers, follow 

“The Central Committee of the Jury 
Award of the James F. Lincoln Ar 
Welding Foundation finds tha: the saving 
to industry by are welding claimed 
authors of papers aggregates $1,600,00! 
000. This figure is arrived at after di 
counting some very enthusiastic claims 
It is an amazing figure and undoubted! 
would have been much greater had all o! 
the authors estimated gross savings f1 
the application of arc welding to th 
products.”’ 

Altogether, 382 awards were made 
the Foundation. The amounts rang 
from $101.75 for honorable mention 
$13,941.33, the Grand Award. Recij 
ents included engineers, designers, at 
tects, production managers, superint 
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Mr. and Mrs. A. E. Gibson, President and 

ckholder, Respectively, The Wellman Engi- 

eering Co., Cleveland, Ohio, Grand Award 
$13,941.33 


, draftsmen, shop foremen, mechan 
nspectors, welding operators, welding 
owners of businesses, college 


pervisors, 


sSOT high school instructors, stu 


and others. Subjects of studies in 


+4 divisions of the Program, repre 
ed practically product and 
ructure of industry 
The Grand Award of the Program, $13 
went to Mr. and Mrs. A. E. Gib 
stockholder, 
Wellman Engineering Co., 
Cleveland, Ohio. The paper, “Commer 
ial Weldery,’’ entered in the Welderic 


Classification of the 


every 


nm, president and respec 


vely, he 


Program, is an out 
anding treatise on all the elements re 
juired to assure the business and techni 
il success of all users of welding through 
out industry 

An award of $11,397.06 was received by 
Anant H. Pandya and R. J. Fowler, en 
gineers, Diagrid Structures, Ltd., London 
England heir paper ‘‘The All Welded 
Grid Applied to Plane and Spatial Struc 
res’’ will doubtless usher in a new era in 
the design of framing for roofs and floors of 


uildings Eliminating trusses and col 


Authors of Papers Receiving Principal Awards in Lincoln Foundation Program 





L. Jd. Carey, Foreman, American Air Lines, 

Inc., Chicago, Ill., Award $7326.46 Jointly 

with Marvin Whitlock, Engineer, American 
Air Lines, Inc 
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umn ( 


able to industry, 


cept at corners of bays, the de 
sign makes a saving of $60,000,000 avail 
according to the author 

An award of $8852.94 wa 
Robert | Kinkead, consulting engineet 
welding, The Carnegie Illinois Steel Corp 
Cleveland, Ohio, for his paper Indu 
trial Machinery, Steel Making” in which 


he describes the use of carbon arc welding 


paid 


in a method of producing clad metal 
which if adopted, would save industry 
$9845,401 annually 

Award of $7326.46 went to L. J. Carey 
and Marvin Whitlock 
engineer, respectively, American Air Line 
Inc., Chicago, IIl., for their paper “‘Welded 
Aircraft Piping.”’ The study show 


new stride 


foreman an 


forward in an industry not 


familiar with arc welding as with oth 


form Savings in cost as well as increa 
safety and comfort of air travel are a 
tributed by the authors to their desigt 
utilizing arc welding 

Che other | 
the 11 classifications of the Award Progran 

In the Automotive Classification " 


otal of $14,957.93 was awarded in the 4 


378 awards were spread ov 


engines, bod frames and 

The first award of $3764.94 

Wendt, chief engineer 

Hackney Bros. Body Co., Wilson, N. € 

for his paper ‘“‘Welded School Bus Body’ 
)¢ 


which indicates a saving of 50% in co 


division 
trailer 
went to H. C 


< 


Second award of 
Be At h 


engineer Northwestern 


through arc welding 


$2543.88 was received by Fred S 
Sr., designing 
Electric Co., Portland, Or« 
$1729.84 went to C. A. Davis, Jr., engi 
neer, Caterpillar Tractor Co., East Peoria 


Ill., and fourth, $1526.33, to Nelson Sever 


rhird award 





inghaus uperintendent, Consolidated 
Quar Corp., Lithonia, Ga 

Ai award totaled $13,787.9 
there being 10 awards rhe largest for 
a paper in the classification was $7326.4¢ 
awarded to L. J. Carey and Marvin Whit 
lock In addition to receiving first award 





Marvin Whitlock, 


Engineer 


Chicago, IIl., 


Lines, Inc., 


Air Lines, Inc 
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f $3764.94 was made jointly to Howard 
Kk. McCord and Fred H. Drews W.G 
Jarrell Mfg. Co., Charlotte, N. C., for their 
paper, “Organizing and Operating a Cor 

mercial Welding Shop.’’ Awards of 
$2543.88, $1526.33 and $1322.82 went re 
pectively to James M. Pool, Louisvill 
Welding Works, Louisville, Ky E. W 
Weinberger, owner, Weinberger Garag« 
Mott N D and George P. Harber 
Engineering Works, Al 
Additional awards in 


owner, Harber 
bany, Or 
classification were sixteen 

Che Containers Classification, coverin 


containel content 


pipe lines, « wccounted for $12.719.28 
of award Che largest individual amount 
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I 
Stearns, district production engineer, 
Cities Service Oil Co., Russell, Kans., and 
Chomas S. Gaylord, supervisor of welding 
Eastman Kodak Co Rochester, N. Y 
respectively. Other awards in the class 
totaled twenty-seven 
Awards in the Welderies Classification 

in which the paper for which the author 
received the Grand Award of the Pro 
gram was submitted, totaled $22,081.67 
In addition to the first award of the clas 
which went to the Gibsons, $1526.33 
went to Paul H. Setzler, produc t10n mana 
ger, Lukenweld, In Coatesville, Pa 
ind $1322.82 to A. H. Davison, engineet 
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NEW PRODUCTS 





The Society assumes no responsibility 
for the validity of claims in this Section 


WELDING FUME COLLECTOR 


Phe Ruemelin Mfg. Company announce 
a new Fume Collector designed to remove 


the irritating gases, smoke and _ heat 
caused by arc welding Such modern 
ventilation by means of local exhaust 


hoods has proved very practical in service 
] 


as it collects the fumes at the source of 





generation, instead of exhausting the en 
tire shop atmosphere. Such fumes are 
exhausted outdoors as no filtering unit is 
known to climinate dangerous gases 

The Ruemelin Mfg. Company offer 
their Bulletin 37-B upon request, as well 
as engineering and installation data on 
fume collection problems. 


NEW TYPE OF ROOF AND FLOOR 
CONSTRUCTION 


By eliminating shop preparation of 
materials and by cutting down the time 
required for a job, Harvey W. Schick, 
Inc., Chicago, estimates that electric are 
welding saves approximately 50 per cent 
in the construction of its special-type 
roofs and floors rhe Schick method of 
floor and roof construction involves the 





placing of long, shallow pans over the 
structural steel supporting members, 
welding these pans together and to the 
supporting beams, and, finally, filling the 
pans with concrete. The method results 
in a stronger and more rigid job, with a 
saving in cost and time 


rhe individual sections, or ‘‘pans,”’ are 
pressed into shape from prime hot-rolled 
sheets hey are bent uniformly to size, 
and the variation in the height of the 
sides, ot ribs,’’ does not exceed ! 2 inch 
When the pans are laid side by side over 
the supporting members of a roof or floor, 
these ribs form “‘I’’ beams at their inter- 
sections. The electric welding of the sec 
tions to the steel framework of the build 
ing prevents any rocking or vibration be 
tween the floor system and the framework, 
gives practically a fixed end bearing for 
the sections, and provides lateral bracing 
for floor beams or roof purlins. It also 
makes possible the placing of this type 
of deck over beams having a different 
pitch or warped surfaces where the cost 
of building wood forms for a reinforced 
concrete slab would be prohibitive 

rhe sections do not require any inter 
mediate supports during the time the 
filling is being placed. Bricks have been 
piled two feet high on 12-foot span se 
tions before the filling was placed, without 
any noticeable deflection and without 
damage to the sections 

Previously, the company used a bolted 
construction or one involving the use of 
rivets. These methods, however, necessi 
tated the punching of bolt or rivet holes 
and a more laborious use of various tools 
both in the shop and in the field. But 
now, using arc-welding, this company turns 
out a higher quality job in less time and 
at the estimated saving of 50 per cent 


UNIVERSAL SPOT WELDER 


The Eisler Engineering Company of 
750 South 13th Street, Newark, New 
Jersey, have placed on the market a 
Universal Long Horn Spot Welder for 
deep sheet metal work. The novel fea 
ture of the machine is that both horns, the 
upper and lower can be lengthened or 











shortened to the desired type and size of 
work. The new feature claims that the 
horn adjustment makes it possible to weld 
light and heavy work and deep metal 
parts. Note the markings on the horn, 
which represents the kva. ratings—when 
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the horn is placed on the 25 mark 
resents 25 kva. when the horn j; 
justed to 50 it represents a 50 kva 
Spot Welders are made with mar 
ferent styles of welding tips, in thi 
the water cooling goes through th 


arm 


A NEW TYPE OF WRINGER 


Just like the wringer on Ma's x 
machine except that the dainty 
piece going through these rollers is a } 


section of sheet steel It is being 





into a cylindrical shape by worker 


General Electric’s Philadelphia plant 


will become a tank body for a larg 
circuit breaker 


NEW ALLOY HAS STEEL'S 
STRENGTH 


‘*Z"' Nickel Combines Corrosion Re- 
sistance of Nickel with the Mechani- 
cal Properties of Heat-Treated Stee! 


Heat treating which has been used 
successfully in the production of hig 
trength alloy steels is now being appli 
to a nickel alloy which—in addition to 
mechanical properties of such steels 
the corrosion resistance of nickel 

While this new material is an alloy 
contains 98% nickel. It represents 
result of more than six years of laborat 
developments and field study 

Introduced as ‘‘Z’’ Nickel, the alloy 
a strength of from 2'/, to 4 times that 
ordinary structural carbon steel. It 
been produced with a tensile strength 
high as 250,000 psi and hardness valu 
high as 46 Rockwell C 


BINOCULAR PRISM MAGNIFIER 
FOR THE EXAMINATION OF 
WELDING SEAMS 


With the magnifier, the weld is 
amined for penetration, porosity a 
cracks. It enables the welding engineer 
examine the weld thoroughly at any ti 
and at any stage of production, and to « 
tect defects which he would otherw 
never have seen. Bad penetration, por 
ity and tiny cracks may be detected wi 


ease. Even the hairline cracks which a 

















the naked eye, and which may 





ich dangerous proportions, can be 
ily detected with the instru 
Seitz, Inc., 730 Fifth Ave., New 





NEW HIGH-SPEED AIR CONTROL 
VALVES 


w solenoid controlled air valves 
n announced by the Ross Operat 
Company, 6481 Epworth Boule 
troit, Michigan Both of these 
especially designed for high-speed 


h as that required for numerous 


, ' g operations. One of these units is 

the control of single acting and the 

for the control of double acting 
ler 

manufacturer claims that the utili 


mn of air line pressure for reversing the 

action is an unusual feature; elimi- 

ion of return springs makes possible the 
yf smaller solenoids 


LOW-COST RESISTANCE WELDING 
PROCESS 


General Electric engineers have de- 
veloped a low-cost resistance welding 
process of an electronic type to replace 


expensive soldering operations in the manu 
facture of such devices as radio sets 





watche small meters, industrial control 
devices, railway signal equipment and 
ness machines 





A current of several thousand amperes 
flows in the secondary circuit of the welder 
for a half-cycle which is precisely timed 
by an Ignitron tube and its associated con- 
trol circuit. This control circuit includes 
a dial for regulating the heat by the phase- 
shifting method. The amount of heat is 
accurately determined by the duration of 
current flow; maximum heat is obtained 
with a current duration of slightly more 
than '/j.9 of asecond. The welding trans- 
lormer and its associated equipment are 

itably enclosed 
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An operator will soon feel that he 1s getting su 
perior results with McKay Electrodes; but it 1s eben 
the inspection card and the tally sheet that tell pes 
the story. Not only faster. quieter progress and rong 
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less spatter but greater uniformity of sound, pet- alloys 

: fect looking welds are what McKay Shielded-Arc viel 
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help you choose the right McKay Electrode for oe 
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Supplement to the Journal of the American Welding Society, October 1938 





THE CARBON ARC WELDING 
OF SILICON BRONZE 


By E. S. BUNN, J. R. HUNTER and W. G. SEIDLITZ' 


HE increasing use of silicon bronzes in the fabrica 
tion of tanks and vessels to meet A. S. M. E. Un- 
fired Pressure Vessel Specifications has been ac- 

companied by increased interest in the carbon arc method 
of welding these alloys. The interest in this method has 
been due in part to the lack of bare or coated metallic 
arc electrodes that approach, both as regards performance 
and deposited metal quality, similar electrodes of other 
alloys. While automatic bare rod metallic arc welding 
is successfully employed in the fabrication of light gage 
hot water tanks, the intermittent and globular transfer 
of metal makes for poor control in manual welding unless 
a relatively large molten pool is maintained to absorb the 
globules as they are deposited. Such welds are generally 
coarser grained and not as clean or as dense as those made 
by the carbon are and gas methods. While oxyacetylene 
welding has been until recently the only reliable method 
for welding the heavier gages, it is relatively expensive 
and attendant by certain fabrication difficulties. Users 
of this method have occasional trouble with closed struc 
ture welds cracking because of the hot shortness (lack of 
strength and ductility at elevated temperatures) of these 
alloys. 

Generally the carbon arc method has been the most 
widely used in both light and medium gage fabrication. 
There have been various recommended procedures 
’*° and techniques, none of which have been generally 
or uniformly followed. These differed widely in the rec 
ommended number of beads, rod sizes, welding currents 
and are lengths. While backing was generally recom 
mended as a mechanical support for the molten weld 
metal, shops generally balked at this practice because of 
the difficulty and expense of setting up. The quality of 
the welds made with the carbon are method varied over 
wide limits, and welds in medium and heavier gages were 
in many cases unreliable in that they were not consistent 
as regards strength, ductility and freedom from inclusions 
and porosity. The benefits of peening are known and 
have been published®**.5” although until recently peen 
ing seems to have been little or seldom used except to 
close up porosity in poor welds. 

Che present investigation was undertaken for the pur 
pose of developing a procedure for carbon are welding 
silicon bronzes to meet A. S. M. E. Par. U60 Specification 

* Paper to be presented at 
Oct. 16 to 21, 1938 
Research Committec 


| Asst. Director of Research 
respectively 


Annual Meeting, A. W. S., Detroit, Mich 
Contribution to Industrial Research Division of Welding 


Welding Engineer and 
of Revere Copper and Brass Incorporated 


rechnical Advisor 
Rome, N. Y 





at a minimum cost. The results obtained indicate that 
high strength welds are obtainable without the necessity 
of peening. Previous work conducted by the authors 
indicated that improvement of welds made with a stand- 
ard flux could be effected by peening. However, such 
improvement was accompanied by higher cost as it re- 
quires approximately as much as 1! 
to peen a weld as to deposit it. 


» to 2 times as long 


GENERAL DISCUSSION 
METHOD, ARC LENGTH, NUMBER AND THICKNESS OF 
BEADS, FLUXES, PEENING 


Che problem in carbon are welding has been one of 
choosing a procedure and technique that would be work- 
able under practical conditions and that would yield the 
necessary weld quality at a minimum cost 

It should be noted that the carbon arc method has 
points of similarity to both gas and arc welding, the 
technique employed being similar to that used with the 
former method. The carbon arc method has the flexi 
bility of the gas method in that the source of heat is in 
dependent of the size and amount of filler metal added 
Since, however, with the carbon arc the 
more intense and the rate of flow of heat greater than in 
the case of the gas torch, there are greater possibilities of 
overheating on the one hand and of cold welding in an 
effort to prevent overheating on the other hand. Weld 
ers in general have failed to recognize the necessity of 
manipulating both rod and electrode when 
welding and have attempted to mechaniz move 
ment of the electrode \s in the case ras welding, 
manipulation of the filler rod is important The op 
timum welding speed varies somewhat for each individual 
welder and the use of recommended amperages without 
the proper correlation between the welding along 
the seam and the amperage used can cause, be 
high rate of heat flow, large ° 
the resulting welds. 

Sufficient emphasis has in general 


temperature 1s 


carbon arc 
the 


use of the 


iriatior the quality of 


1 been placed on 


the pattern or path of motion of the carbon electrode in 
welding. The electrode should be so man,pulated as to 
effect the maximum heating of the edges of the parent 


metal while at the same time the overheating of the 
central portion of the weld-metal is avoided. In weaving 
the electrode back and forth across the weld 
the same point in the centerline should be avoided. 


», ae SSI ol 


This 














centerline of the weld is naturally the hottest section of 
the weld as is amply illustrated by the tendency of a ver 
tical weld to sag in the center. An experienced welder 
whips”’ the electrode to prevent this condition; in other 
words, he attempts to concentrate the addition of heat 
and metal to the weld at the edges of the bead 

In horizontal welds, with the carbon arc, the visible 
sagging or dripping of the centerline portion may not 
afford visual evidence of overheating at the center but 
nevertheless care must be exercised to concentrate the 
heat and addition of metal at the edges of the weld ii 
proper bonding is to be accomplished and cold welds at 
these points avoided 

he proper are length, the nature and solubility of 
flame gases, the effect of carbon transfer, and the relation 
between the arc length, current and rod diameter all have 
to be considered with respect to their mutual relatior 
ship. While a short are s inch) tends to, with all 


Arc length, all bead 

Rod diameter 

Amperagt 

Rod diameter in n 
Amperagt 200 200) 


Reduced Section Tensile Strength 


Average 2 Specimen 90,800 92,001 
Weld-Metal Free-Bend Ductility 

Average 2 Specimen 6%" 5 b/ 
Remark Both welds copper backed. 90% fused 

odium fluoride applied as alcoholic | 

While ultimate failure occurred in th enter of the weld for 
both tensile and bend specimens, on both types of 
weld-metal tore partially away from the pares 
other conditions equal, promote rapid freezing as a ¢ 


sequence of a possibly smaller molten weld pool, the ear 
bon transferred through the are often stiffens up the 
floating slag to the point where easy and rapid blending 
of weld and parent metals is difficult. Especially is this 


true when the carbon electrode is weaved rapidly as it is 





Fig. 1—Unetched—75X. Specimen F, Weld No. 20 -Inch 
Plate). Tensile Strength Adjacent Specimen 54,600 Psi (Re 
duced Section 
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in carbon arc welding and vee walls are frequent 


proached more closely than intended. A smal 


' 
il 


pool, indicative of a smaller area covered by the ar 


necessitates more care in weaving so that areas 
edges of the weld are not left unfused, or slag 


there. This is of considerable importance whe 


remembered that lineal speeds along the seam 
tween 7 and 12 inches per minute. 
A long are tends to keep a larger amount 


molten because of the greater spread of heat lhis 


spread results in some preheat and a cleaner 
metal surface in contact with gases which are d 
less reducing in character. Carbon transfer als: 
troublesome and less exact we Ving 1S require d 
Che choice of an are length governs, to a lar; 
the results obtained Che results given in Tabk 
cate a long are superiority over a short are in 
weld-metal quality is concerned 
In the case of unbacked welds, however, a lo: 
1] 
il 


all beads is impractical For a given amperagt 


size, the longer the arc the greater the tendenc) 
filler rod to melt ahead of the point of are cont 
for the weld-metal additions to be globular 
mittent Cold welding, inclusions and freque1 
ping through result while welding in the root of a 
until sufficient metal has been laid in the 
ample bottom for subsequent beads. Experie1 
cates an optimum are length of 1! 
mum filler rod diameter for the particular bead 
In the selection of the optimum procedur« 


to 2 times t] 


t 


; 


vee to pi 


nique, it is recognized that in carbon are weldit 


human element is involved 

as such, a welder functions through his eves and 
cannot see he can only surmis¢ While a weld 
made in as few beads as possible, for economi 
idditions of filler metal should never be so great a 
ent the welder’s obser 


1 


ig at all times just whe 
of bead to bead and weld to parent metal ha 
tained 

Earlier experiments have indicated that 
backed up multi-bead welds with those mad 


beads, the former, while freer of inclusions 


Fig. 2—Unetched—75 X. From Weld in -Inch Plate. Tens 
Strength Adjacent Specimen 49,000 Psi (Reduced Section 
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3—Chromic Acid Etch—5X. Specimen F, Weld No. 20 -Inch 


Improved Flux). See Table 3 






are generally low in strength (40-50,000 psi) possibly due 
to the greater number of opportunities to overheat. Re 
sults on few-bead welds are often erratic, at times being 
low strength, presumably for the same reason, while 
it other times high strength (45-55,000 psi) welds are 
marred by too frequent and relatively large slag inclu 
The backing, while it serves to support molten 
weld-metal, allows of overheating to almost any degree, 
without such overheating becoming apparent during the 
welding operation. Any chilling effect the backing might 
exert is more or less confined to the first or second beads, 
particularly the former—the one with which it comes in 
ntimate contact. Comparative experiments indicate 
that '/s inch thick bead additions are all that 
handled with any assurance of proper fusion 
Even though general improvement in the quality of 
the welds was effected when such factors as are length, 
umber and thickness of beads and path of motion of the 
electrode were properly correlated, it became apparent 
that in order to obtain consistency of weld strength 
desired it would be necessary to give careful consideration 
to the flux used. The commonly used 90°; fused borax, 
0°, sodium fluoride flux, applied as a thin alcoholic 
paste to bead and vee wall surfaces, often caused trouble 
n the deposition of the first two or three beads in a vee 
cause of poor fluidity. The continued application of 
the are to float flux (or slag) accumulated at the edges of 
the weld resulted in sufficient overheating to cause the 
molten weld-metal to sag or drop through. Literatur« 
makes reference to a flux not being so important 1 
irc welding’ and that no flux is better than 
lhe authors’ experience with unfluxed, unbacked welds 
which it was use a comparatively 
short inch ; inch) on the first two beads has 


sions 


can be 


( arbo! 


all CXCeCSS 


necessary to 
arc 


been that the carbon transfer and oxide formation was 
particularly aggravating in preventing easy and rapid 
blending of weld and parent metals. Even in the upper 


beads of thick-plate welds where a longer arc was feasible 
because the bead being laid down was better bottomed, 
sufficient molten accumulated to prevent 
blending. Welds so made were generally never as clean, 
and were usually coarser grained than those on which a 
flux had been used. 

rhe standard 90°, borax, 10°; sodium fluoride flux was 
improved by the addition of other ingredients. The ease 
with which beads were laid down was noticeably im 
proved, which in return was reflected in the weld-metal 
density. Following casting shop practice, a scavenger 
was also added to the flux. <A further improvement in 
density, mechanical properties and consistency of results 
was noted in welds made with a flux consisting of twenty 
five per cent each (by weight) of sodium fluoride, barium 
carbonate, fused borax and.manganese boride. 
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Fig. 4—Chromic Acid Etch==5 X From Weld in 


Inch Plate 


Standard Flux 





Figure | illustrates the improvement effected in weld 
metal density by the use of this improved flux. Figure 
2 illustrates the density of a typical weld when standard 
90°, fused borax and 10°; sodium fluoride flux has been 
used. Photomacrographs (Figs. 3 and 4) of the same 
specimens show that while the improved flux weld has a 
coarser grain structure, its mechanical properties are 
actually improved, presumably due to an improvement 
in the soundness of the weld 

Ihe values in Table 2 are typical of some of the early 


welds made with the improved flux (all plate hot 
rolled——soft 
Table 2 
' L¢ 
’ 
Weld I gin Plats No ! 
No of Pla Phickne S} mens A , H Low 
18 1 i i » 
is 1 il t > ; +. y 
) Sj ' ) ) 
S in 1 } i. i 8 
The above data attests the consist btainablk 
lable 3 illustrates the results of test free-bend pe 
mens and on other reduced section and full section te I 
spec mens 
Table 3 
iN In. H | 
\\ N In. H Rol | 
I le W I 
p 
Weld No 
\ 
I illograph 
( duced {10 4 OU) 
LD) (full tion »s 
I free b l I 
metallographi 
G (reduced section £6 
H (full section 98,200 Fra { 
Weld No. 36 
\ (free bend ‘ I i 
B (metallographi See big 
( reduced section 57,800 Fracture in weld-metal 
8) 56 S00 fracture in weld-metal 
I free bend io 
I metallograph See Fig. 5 
G (reduced section 56,700 Fracture in weld-metal 
H 57,100 Fracture in weld-metal 








Fig. 5—Chromic Acid Etch—5 X. 


Specimen F, Weld No. 36 


Tests obtained on welds made by an inexperienced op- 
erator with no previous backg ag of welding silicon 
copper alloys are shown in ° rable as welds “A” and 
“B.” Welds “C” and “D,”’ Table 5, were made by a 
relatively inexperienced carbon arc welder following the 
practice outlined in qualification tests. Figures 7 and 
8 are X-rays of field welds “‘C”’ and “D 


Table 4 
Plate No Reduced Section Tensile 
Length Thick Speci Strength Psi 
Weld of Plate ness mens Average High Low 
A 18 in 1/, in. 6 55,500 57,700 53,000 
B 18 in. 1/> in. 8 54,200 55,000 53,600 
Table 5 
Reduced 
Section 
Tensile Free-Bend 
Plate Strength Elongations 
Thick- Psi % in '/2 in 
Weld Length ness 2 specimens 4 specimens 
Cc 18 in. 1/, in. 59,600 46 50 
59,800 50 42 | Bent flat and 
' broke in welds; 
D 18 in. 1/, in, 55,300 42 46 | all welds sound 
57,000 46 50 


DETAILED RECOMMENDATIONS 
FOR THE 
CARBON ARC WELDING OF SILICON BRONZES 


The silicon bronzes are, to state briefly their metallurgi 
cal characteristics, high shrinkage alloys of medium 
thermal and electrical conductivity with a hot short 
range just below their melting points. Indicative of 
their low strength when hot is the fact that hot working 
is not recommended at temperatures above 1475° F. 
In the liquid state they are comparatively free flowing, 
but are usually covered with a thin film of silicon oxide 
which materially increases their surface tension. Such 
reducing flame gases as carbon monoxide and hydrogen 
are quite soluble in molten silicon bronzes. 

Rapid freezing of the weld-metal is recommended to 
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promote fine grain, 


prevent overstressing of welq 
metal while it is in a weak temperature range and +, 
generally cut down the exposure time to contaminatin> 
flame and ambient air gases. , 

Silicon bronzes are furnished in both bright dipped ang 


hot rolled finishes as the customer desires. 


metal edges and surfaces adjacent to the weld seam }y 
removed. In both cases it is advisable to remove ejthe; 
with emery cloth, a scraper, file or grinder any greag, 


and dirt that may have accumulated in transit or st rag 
The final cleaning operation should follow any machin 


drawing or stamping and should immediately pr o 
each bead surface 


welding. Likewise during welding, 
and the adjacent vee walls should be cleaned of oxic 
flux and slag before any subsequent beads are laid dow; 
It is good practice to clean the welding rod also. 

A flux of the following composition has been found 1 


Fig. 6(a)—Ferric Chloride Etch—75X Weld-Metal Specimen G 


Weld No. 20 


Fig. 6(b)—Ferric Chloride Etch—75 X. Juncture, Weld and Parent M« 
Specimen B, Weld No. 36 





In the latter 
case it is essential that the black oxide on the paren; 
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Fig. 7—X-ray Picture. Weld in '/;-Inch Plate 
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Fig. 8—X-ray Picture. Weld in '/:-Inch Plate 


aid materially in obtaining unbacked and unpeened welds 
of high strength and ductility: 

Twenty-five per cent each by weight fused borax, 
sodium fluoride, manganese boride and barium carbonate, 
ground fine and mixed thoroughly. The flux is best ap- 
plied as a thin paste made up with dry methyl alcohol. 
The alcohol evaporates readily and leaves the flux ad 
hering to the metal surface. It is important in the prepa- 
ration of the flux that water-free materials be used and 
that the flux be kept dry when not in use. Any water 
present as water of crystallization, or moisture, will vola 
tilize and cause porosity in rapidly freezing weld-metal. 
The ordinary grocery store variety of borax contains 
47% water (by weight) and hence should not be used. 

A 60° included angle vee tacked at 6 to 8-inch intervals 
to maintain an approximate root aperture of '/s inch, 
combined with the bead sequence outlined in Fig. 9 allows 
of easy thorough penetration, with the minimum of 
trouble in all beads. For double-vee welding, a modified 
60° vee (as shown in Fig. 10) is recommended to elimi- 
nate the first bead cracks frequently encountered in 
unbacked, double-vee welding. The lips of the modified 
joint are set up in tight contact and no attempt is made 
to penetrate entirely through the crevices between lip 
edges. Rather, best practice is to chip from the reverse 
side to pick up incomplete penetration. 

On setting up and in tacking the component parts of a 
structure together, points to be tacked should, of course, 
be properly fluxed inasmuch as the tack metal ultimately 
becomes a part of the finished weld and its soundness 
is just as important as that of the latter. Because of 
the rapidity with which the weld-metal freezes, its hot 
shortness and characteristic high shrinkage, the crater 
weld metal is often overstressed in a weak temperature 
range and may crack unless care is taken to feed the 
Shrink of the crater when welding is discontinued, even 
momentarily. This is easily accomplished by lengthen 
ing the arc slightly and directing it on the end of the 
filler rod. Very little excess metal is required, the exact 
amount depending of course on the crater size. First 
bead crater cracks will often travel as much as an inch 
back from the point where the arc was broken and so 
render tack welds useless. In order to prevent dropping 
through when feeding crater shrink in the first bead, it 
is often necessary to pull the bead up one vee wall. 

Care should be taken in laying the first bead to re-fuse 
all tack welds and to make them an integral part of the 
first bead. This is easily accomplished by removing the 
filler rod or by dragging it over the tack without varying 
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the carbon electrode’s speed of progression along the 
seam, perhaps with but a slight hesitation at both ends of 
the tack to assure blending at those points. No weaving 
is necessary to assure proper fusion of the parent metal 
edges. The arc length can be varied to compensate for 
variations in the root aperture which are bound to occur. 
In any bead, when welding is discontinued and then re 
sumed, care should be taken to re-fuse enough of the 
portion first deposited to insure blending it with the 
filler metal added as the bead is continued. 

The second bead is perhaps the most difficult to de- 
posit in an unbacked weld. Because of its confinement 
in the lower portion of the vee, and because of aperture 
variations, it is often questionable whether fusion to both 
vee walls and the first bead’s surface is more easily ac 
complished with or without weaving. Weaving of this 


Fig. 9 





MPLETE WELD 
S| BEAD REQUIREMENTS. 


BEAD NUMBER 
@e] ROD OIAMETER 








CURRENT 
AD 
6 8 

















os 

S 
ARIS BIS Sin &] ARC VOLTAGE 
a’ 135 |< | BE |B CARBON DIAM. 





























: 3 
=e 
oT a 
+e ‘HU tle 








SET UP AND TACK 
6"-8" TO MAINTAIN 
PROK.\g' APERTURE 


CHART OF RECOMMENDED 
CAR BON ARC WELDING PROCEDURE 


SILICON BRONZES 
SINGLE VEE WELDS 6-5" PLATE. 





LiP EDGES SET 
VP IN TIGHT 
BUTT. 


CHART OF RECOMMENDED 
CARBON ARC WELDING PROCEDURE 


Fo A, 
SILICON BRONZES 
QOUBLE VEE WELDs ‘'/7-;" PLATE 


Fig. 10 





bead must necessarily be restricted and hence be more 
rapid because of vee wall confinement. A slightly longer 
arc with perhaps a slightly higher current may often be 
desirable. 

On semicircular weaving for subsequent beads the car- 
bon electrode should be “‘whipped”’ across the center of 
the weld to prevent overheating in that region. The arc 
should be somewhat concentrated at the edges of the 
bead, the naturally coldest points in a weld section. 
Flux, oxide and slag accumulations which may tend to 
ball up at these points should be particularly watched 
and floated off. Overheating at any point is, however, to 
be avoided. Continued application of the are, once 
fusion and blending of weld and parent metals have 
taken place, is nothing more than overheating and may 
result in a variety of weld-metal defects. The wetting 
of the previous bead’s surface and the parent metal edges 
by the weld-metal is an indication that bonding has 
been obtained. - If the flowing of the weld-metal bears 
any resemblance to solder flowing over a dirty or cold 
surface, it is an indication of insufficient preheat in ad- 
vance of the molten weld-metal. Inclusions or cold 
welding may result. 

The proper amperage to be used depends somewhat 
on the individual welder’s experience and capabilities. 
Results indicate that the current may be varied over a 
fairly wide range as indicated in Figs. 9 and 10, providing 
that within practical limits the heat input per inch of 
weld (or bead) is constant. 

The filler rod sizes in Figs. 9 and 10 have been chosen 
so that an inch of filler rod will furnish sufficient weld 
metal for an inch of seam. The rod may be weaved 
where possible to allow contacting of the are directly 
on all portions of surfaces to be fused and to allow maxi 
mum visibility. 

Carbon electrode diameters for given currents should 
be consistent with manufacturers’ recommendations. 
\ pencil point taper with a '/js-inch to '/s-inch diameter 
point should be maintained for maximum control over 
the arc. The proper size electrode will burn evenly to 
maintain such a taper. Too large a carbon for a par 
ticular amperage range “‘dulls’’ quickly on burning. 
Overheating an electrode not only shortens its life, but 
results in welder discomfort which may be reflected in 
the weld-metal quality. 

As in all welding, any visible inclusions, porosity or 
cracks should be completely removed and _ rewelded. 
Che same procedure followed in the original welding 
should be observed. Any attempt to re-fuse a section 
of a weld to remove a crack or porosity, or any attempt 
to fill a chipped-out section in one bead where originally 
a number were required, may result in cracking. 

Che procedure outlined herein applies particularly to 
thicknesses of */i, inch and over, that is, those gages 
readily weldable without backing. Backing is recom 
mended for lighter gages, all of which are weldable in 
one bead. Parent metal edges must be efficiently 
clamped to backing if the latter is to be of any value 
The general recommendations regarding cleanliness, 
fluxing, overheating and feeding of crater shrinkage 
are again applicable. Crater shrinkage or local over 
heating may cause, in addition to longitudinal weld 
cracks, cross-bead cracks that extend into the parent 
metal. The latter are the more difficult to repair. 
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WELDABILITY OF MEDIUM 








By R. W. EMERSON? 


INTRODUCTION 


ANY variables arise in the commercial are welding 
of steel. Due to this fact it becomes difficult to 
ascertain which variable or group of variables ar: 

ponsible for the variations in physical and metallur 
properties which are sometimes obtained in welds 
Steels with carbon contents ranging from 0.30 to 0.50 
cent undergo marked metallurgical changes as a re 


~ 


| it of welding, consequently they are the type under co1 
sideration in this investigation. 

Che main difficulty when welding steel abo 
ent carbon is the formation of hard 
the heat-affected zone of the base metal directly adjacent 

to the weld deposit. This difficulty is further amplified 
when welding heavy sections due to the more rapid re 
al of the heat from the welded area by metallic cor 
juction of the steel 
It was the purpose of this investigation to study the 
heat-affected zone of the weld in preference to the weld 
leposit, consequently the carbon content of the 
metal was varied to such an extent that extreme varia 
ns were obtained in the hardness of the heat-affected 
ne Also, since extreme conditions were desired, the 
test pieces used were sufficiently large to obtain rapid 
oling in the weld and heat-affected area 
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constituents in 


bast 


ANALOGY OF WELDING TO HEAT TREATMENT 


Fundamentally there are three variables which deter 
ne the physical and metallurgical properties of the 
heat-affected zone of a weld These variable ire as 
llows 
The composition of the base metal 


Z Che total heat absorbed by the base metal 1 
welding including the rate at which the heat is 
absorbed 

5 The rate of heat removal from the 
heat-affected zone) which, of course, is governed 
primarily by the metallic conductivity of the | 


metal. 


metal 


AN 


rhis is exactly analogous to the hardening of steels by 
heat treatment The hardness obtained in this case is 
also a function of the base metal composition, the total 
heat absorbed by the metal (assuming that the tempera 
ture is above the A; range of the steel), and the rate at 
which the heat is removed. It should be kept in mind 


| that it is primarily this third factor which governs the 
resultant structure of the steel, whether it be in welding 
rin heat treatment. In the case of the heat treatment 
f steel, heat transfer or the rate of heat extraction Is con 

| trolled by the liquid medium into which the material is 
* Paper to be presented at Annual Meeting, A. W Detroit, Mich 

| 16 to 21, 1938 Contribution to Industrial Research Division of Welding 
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Carbon Steel 


1 


being quenched. Carrying thi , . step furt 
preheating the work before weld lecreast 
the temperature gradient between the base metal and 
the weld thus cutting down th ( { 
removed from the piec« Similar] ' eat 
treati yperations, quenching into a liquid medium sucl 


is water, which is at 
cut down the 
quenching bath and produce a softer steel t iq ched 
into water at 25” ¢ 


a temperature of SO~ C. would als 
7 


rate of heat removal from the piece to th 


FACTORS TO BE CONSIDERED IN WELDING 


Che total heat absorbed in welding, including the rat: 
it which it absorbed, is a function of tl veld cul 
rent and welding speed Che effect of welding speed 
has been pointed out by other investigators and show 
to have considerable effect on the resultant structure and 
hardness of the heat-affected area It el) ed that 
the heat input does not directly affect*the hardne und 
structure of the weld zone but dor ffect it indirectly b 
influencing the cooling rate of the heat-affected area 
Che rate of heat removal from a welds art i funct 
of the size and shape of the part being welded and al 
the temperature of the part prior to weldins ze al 
shape of the base metal is of considerable importance a 
too often is not given proper « In W. ] 
Warner's i vestigation on the heat effect pr luced 
welding of structural alloy steels it mentioned that 

determinations of heat effect ! ect f mul 
tiple layer welds give luable and lata, but 
the result obtained shows the final t due to tl 
tiple layer \ heat effect test t ture does not 
usually show the maximum hard t the ba 
metal, which occurs when the first lave leposited 
the cold plate and it is at this 7 

weld that cracks may start due to the heat effect 

base metal The heat of subsequent | Cl I ipplied 
within a reasonable time, will greatly reduce the heat 
effect of the first layer applied. Hence, the results ob 
tained from a hardness survey on the c1 ection of th 
finished weld does not indicate how dangerous or how 
critical may have been the situat wl the first layer 
was applied These comments, althoug! rrect, tend 
to exaggerate the importance of data tak n single pa 
welds 

In some instances it is desired to | vy more than the 

ilue of maximum hardness which will be obtained 
Should it be desired to weld steels whicl ther hi 
maximum hardness it is quite often necessary to work 
out a procedure which will give the desired I irdness and 
microstructure when the weld 1 mpleted Chis will 
necessarily involve the use of multiple pass welding or 
preheating and possibly both. If preheating is not used 

Warner, W. L., Arc We 
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FIGURE | 


the probability of a crack forming in the first bead is 
high. If preheating is used this probability is greatly 
reduced. 

It is felt, however, that if the time-temperature re- 
lation for the cooling of the heat-affected zone is known 
for any given set of conditions under which welding is to 
take place, the probability of formation of cracks during 
welding may be still further reduced because this infor- 
mation will be a direct indication as to the structure 
which will be formed as a result of each pass. This in- 
formation will also indicate whether or not preheating is 
necessary. The importance of the sub-critical time- 
temperature cooling curve lies in the fact that the rate 
at which the heat-affected area cools, governs primarily, 
if not entirely, the resultant structure and hardness of 
this zone. 


EFFECT OF PLATE THICKNESS 


As previously mentioned, the effect of the size and 
shape of the piece being welded will definitely affect 
the rate at which the heat-affected area will cool. A dia- 
grammatic sketch of the set-up used to obtain time-tem- 
perature cooling curves in heat-affected zones is shown 
in Fig. 1. This consisted of a temperature recorder 
having a paper speed of four inches per minute. A hole 
was drilled in the plates to be tested, sufficiently large 
to insert a thermocouple from the bottom of the plate 
to within approximately '/3. inch of the top of the plate. 
A weld was then made across the plate and as the arc 
crossed the top of the thermocouple an almost instan- 
taneous rise iti temperature was obtained followed by a 
rather sharp drop in temperature as the arc traveled be 
yond the location of the thermocouple. The effect of 
plate thickness on the cooling rate of single-pass welds 
are shown in Figs. 2 and 3. The results shown in Fig. 2 
were obtained with a °/s-inch coated electrode, a welding 
current of 125 amperes, and a welding speed of approxi- 
mately ten inches per minute, while those in Fig. 3 were 
obtained using a '/4-inch coated electrode, 225 amperes, 
and a welding speed of approximately 10 inches per min- 
ute. The results shown in Figs. 2 and 3 seem logical, 
that is, increasing the plate thickness (keeping other 
variables constant) results in a steeper temperature gradi 
ent, and a lower but quicker flattening out of the time 
temperature curve. The significance of the above state 
ment is more profound than it would at first seem. 

It is well known that the time required for sub-critical 
transformation of austenite depends upon the tempera 
ture of transformation.’ Figure 4 shows the time-tem- 


§ Davenport, E. S., and Bain, E. C Transformation of Austenite at 
Constant Sub-Critical Temperatures, A. I. M. E., 1930 
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perature curve for the sub-critical transformation o{ 
tenite in a 0.50 per cent carbon steel.* It can bh 
that the austenite if not cooled rapidly, will transform a: 
a temperature of 500-650° C. with the formation of § 
pearlite (nodular troostite). In order to obtain comp! 
transformation in this temperature range, a cooling 
of 10-15 degrees per second should not be exceeded 
preferably this rate should be less. If, however, th: 
tenite is cooled sufficiently rapidly, it will not transform 
at 500-650° C. but remain as austenite down to a ten 
perature as low as 125-175” C. before transformat 
would take place. At this temperature a fully mart 
sitic microstructure will result and the hardness wil] | 
in the range of 550-700 Vickers. 

Referring to Fig. 2, it will be noted that the cooling 
rate for the '/» and 1-inch plate is very rapid at the high 
temperatures and thus the austenite would no doubt ¢ 
through the range of 500-650° C. practically untrans 
formed, with the formation of martensite at a tempera- 
ture of 125-175° C. and at a time varying from 20 to 6 
seconds from the time cooling began. 
is definitely undersirable in welded construction, a sit 


} 


Since martensite 


Ac 


pass weld ona '/»- or l-inch plate under the conditions of 


welding current and speed given, should not be used. |) 
considering the '/,- and */s-inch plates, however, it can be 
seen that these also have a high cooling rate in the ten 
perature range of 500-650° C. and no doubt would 

through the above temperature range only partly trans 
formed with the remainder of the austenite transforming 
to martensite at a temperature of 125-175° C. It may 


be observed, however, that this temperature is not 


reached until a period of 3-5 minutes has elapsed, as « 
trasted to a period of 20-60 seconds after the beginning 
cooling as in the case of the '/2-inch and 1-inch plates. I: 


period of 3-5 minutes ample time is allowed for the welder 


to remove the slag from the first pass and start on th 
second pass before the temperature has dropped to tl 
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at which martensite formation occurs. This, of 
urse, assumes that an average pass would not exceed 
18 inches in length. 


MULTIPLE-PASS WELDING 


soon as the second pass is started, the bead and 
heat-affected area (at the point of welding) is reheated to 


the austenitic stage. At the start of the second pass, 
however, the plate is effectively preheated from the heat 
which was put in to the plate at the time the first pass 
was made. The effect of multiple pass welding on the 
cooling rate of the heat-affected zone is shown in Fig. 5. 


From this figure it can be observed that the temperature 
has dropped from 800” C. (in the heat-affected zone) toa 
temperature of 130° C. in a period of 2 minutes. At the 
end of two minutes, however, the slag had been removed 
and a second pass started. The temperature of the plate 
is shown as 130° C. at the beginning of the second pass 
and as the second bead was made the temperature again 
rose rapidly but this time the temperature drop was 
slowed up considerably. This of course was due to the 
fact that the plate was partially heated from the first pass 
and as a result the temperature gradient between the 
plate and weld zone was much less than when making 
the first pass. The temperature of the heat-affected 
zone two minutes after the second pass was made was 
230° C. This would mean that the welder would prob- 
ably have a period of 4-5 minutes in which to remove 
the slag, should he need it, before the temperature would 
lower to the critical temperature range of 175-125° C. 
Following the second pass by a third, the temperature 
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of the weld zone was again raised into the range above 
700° C. and this time the cooling rate of the heat-affected 
area was much slower than it was with either of the first 
two passes. The cooling rate for the third pass leveled 
out at a temperature of approximately 300° C., 70° C. 
higher than that of the second pass. A point which 
must not be overlooked is whether or not the time-tem 
perature curve from the last pass is sufficiently flat so 
that complete transformation will be obtained at 500 
650° C. The cooling curve of the third pass shown in 
Fig. 5 indicates a satisfactory transformation tempera 
ture. If it 1s assumed for example that welding is done 
ona 1'/s-inch or 2-inch plate it would probably be necessary 
to use a minimum of 4 or 5 passes so that the time-tem 
perature curve for the final pass would be relatively flat 
and thereby insure that all traces of martensite were re 
moved. If the weld required less than the number of 
passes suggested, preheating could be resorted to, in 
fact with a 1'/,-inch or 2-inch plateit would be neces 
sary to preheat to 50-100" C. in order to maintain a 
teinperature of 125-175” C. after depositing the first pass 
If, for example, five passes were required to obtain the 
desired structure in the weld zone but three passes were 
sufficient to obtain mechanical strength, then it would be 
necessary to preheat the work to a temperature which 
would be equivalent to the plate temperature following a 
double-pass weld. It must be kept in mind that the 
time-temperature curve which results from the final pass 
is the determining factor in the microstructure and hard 
ness obtained. 


EFFECT OF PREHEATING 


Preheating serves the same purpose as multiple-pass 
welding from the viewpoint of obtaining a satisfactory 
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Table 1—Chemical Analysis and Grain Size of Steel 


Investigated 


Heat 

No c 

74,218 0.49 
0.46 


Grain 
Size 


fto7 


Mn P S Si Remarks 
0.93 


() OV 


0.018 O.082 0.20 


inch round 
mac hined 
from 3 

inch rolled 
round. No 


porosity. 


23,467 0.43 0.68 0.018 }-inch round 
machined 
from 4-in 
x 4-in. bil 
let No 


porosity 


ce 


95,115 0.40 O.78 O 
0.39 9.78 


O1S { 


inch round 
machined 
from 3! 
inch rolled 
round. No 
porosity 


O26 O.15 »to’sS 


0.30 0.7: O19 O 


-inch round 
machined 
from 5 in. 
x 5 in. bil 


042 0.25 4tos 


let. No 

porosity in 

billet. 
118,261 0.382 O.6% 

0.29 0.62 0.016 0.082 0.14 6to8 383! inch 
forged 
round 
Small pin 
holes and 


scattered 
porosity. 


microstructure and hardness. The function is to de 
crease the temperature gradient from the weld to the 
base metal, therefore allowing sufficient time, if possible, 
for the steel in the heat-affected zone to transform to its 
sub-critical constituents while still at a relatively high 
temperature (500-650° C.). If this range of tempera- 
ture can be held for a sufficient length of time (5-20 
seconds) the decomposition products of the austenite will 
be, as was previously mentioned, of the nature of pear- 
lite. The pearlite may be either fine or coarse depending 
upon the carbon content of the base metal and the rate 
at which the heat-affected zone cooled. In cases where 
the plate thickness is not too great and considerable heat 
can be put into the plate, multiple pass welding can be 
used successfully. When a heavy section is welded, 
however, it is-often necessary to preheat the work and 
in addition to this use multiple passes in an effort to slow 
down the rate of heat removal from the heat-affected 
zone so that this area will take a maximum possible time 
to cool while traversing the range of 500-650" C. The 
effect on the time-temperature relations, of the heat-af 
fected zone of a three pass welded 1'/2-inch plate, pre- 
heated to 300° C., is shown in Fig. 6. The slopes of these 
curves are sufficiently flat to indicate complete transfor 
mation at the higher temperature range (500-650° C.) 
with a resultant structure which should be entirely satis- 
factory. 


TEST PROCEDURE 


The chemical analysis and grain size of the steels used 
in this investigation are given in Table 1. 

The test-pieces used for hardness surveys and micro- 
structure examinations were made on specimens 10 inches 
long by 3 inches diameter. Eight series of beads were 
run parallel to the length of the rounds. All beads were 
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deposited manually; this resulted in slight variatir 
welding speed. All tests were at a welding speed 1 
ing from 8 to 12 inches per minute. All beads wer 
in the same direction on each round and a #/,-inch 
was then cut from the round at a distance of six ir 
from the end in which the welding was begun. Ea 
the fourteen rounds contained the following bead. 


Single pass is-inch bare wire electrode 

Single pass—/j.-inch flux coated down-hand elect: 
Single pass—'/,-inch flux coated fillet position elect: 
Single pass—'/,-inch flux coated down-hand electrod 


is-inch bare wire electrode 
;-inch flux coated down-hand elect: 
is-inch bare wire electrode 
,-Inch flux coated down-hand electrocd 


One test piece from each of the five steels listed in Tabk 
welded without preheating, a second set was welded with 15 
preheat and the third set was welded with 300° C. preheat.‘ 


Double pass—* 
Double pass 
Triple pass 
Triple pass—' 


After cutting, polishing and lightly etching the slices 
hardness readings were taken in a straight line across th 
heat-affected zone directly adjacent to the weld-metal 
is shown in Fig 7. With those tests which were not p 
heated, after each bead or group of beads was welded 1 
test-piece was allowed to cool to room temperatur 
fore depositing the following bead or group of beads 
the case of the test-pieces which were preheated, ait 
each bead the test-pieces were allowed to cool slightly bi 
low the preheating temperature and then allowed to ¢ 
back to temperature with the furnace. The welding dai 
obtained in these tests are given in Table 2. 


DISCUSSION OF HARDNESS RESULTS 


The hardness results were plotted to show the var 
tion in hardness as a function of the carbon content of 
steel. The other variables contributing to the hardn 
were held as constant as possible. A discrepancy whi 
seemed to be prevalent throughout was the hardness 


Heat 74,218, 150t C. preheat No sample 
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Table 2—Current and Voltage Data 


























lea “' 2 o 4 0 b é 5 
N Se ££. Res Bom & (SB I I 
No Preheat 
18 190 15 130 35 300 25 250 36 185 15 250 35 190 15 250 
q 15 190 15 130 35 300 25 250 36 185 15 250 35 190 15 250 35 
3961 190 18 125 36 285 32 245 39 185 18 250 40 185 21 250 38 
Preheat 150° C 
167 190 18 130 35 280 31 280 38 185 17 280 37 195 17 255 " 
115 175 20 120 36 280 31 260 40 185 17 280 38 195 17 250 38 
99555 190 19 140 33 285 30 250 37 185 17 205 37 19 1 39 
SYoI 185 19 120 36 275 31 280 35 185 17 29 SF «198 > y 
Preheat 300° C 
218 | 
467 190 17 135 36.285 24 230 37 190 17 255 36 19: 5 
- Llo : 
PL000 } 
2961 185 18 140 35 280 26 250 35 195 19 250 37 19 “) 34 
ay 1 Single pass s-inch bare wire electrode 
th, 2 Single pass inch flux coated down-hand electrode 
, 3 Single pass inch flux coated fillet position electrod 
t Single pass ;-tnch flux coated down-hand electrod 
Double pass s-inch bare wire electrode 
6 Double pass inch flux coated down-hand electrods 
be 7 Triple pass s-inch bare wire electrod: 
- : riple pass ;-inch flux coated down-hand elect: 
a +I Amperes E. Volts 
ws } No value take1 
sults obtained on the 0.39 and 0.42 per cent carbon steels 
The fact that the steel lower in carbon was higher in 
manganese would partially offset this difference observed, 
but certainly not completely explain it. In addition, the 
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steel having the higher carbon conte: 
slightly larger grain size (lower coarsening 
than did the 0.39 per cent carbon steel Phe most prob 
able explanation for this variation in hardness would be 
on the basis of the inherent transformati the 
two steels 

It isa well established fact that increased carbon cor 
tent is conducive to increased hardn« Che 
heat put into the base metal and the rate at 
heat is extracted are factors which 
considering hardness. These te 
terms of various sizes of electrodes, vari 
passes, and preheating. The results of th 
made are plotted in Figs S to 12 

[t was noticed from Fig. 8 that the additional 


t ippeared to have a 
temperature 


rates ol 


amount ol 
which the 
art ilso 


? rT 


important 1! 


fac were studied i 
numbet 


hardness tests 


ous 


heat used 


in a '/4-1inch coated electrode as compared with the 

inch bare electrode had considerable effect on the total 
area ol the heat-affected zone which wa irdened Phe 
last statement refers to those steels which were the 
critical range of carbon content for weldi Greater 
than 0.30 per cent It was noticed that for the steel 
lower carbon content (0.30 per cent carbon) the singl 


pass '/,-inch coated electrode did not lower the hardne 
to any appreciable extent below that 
welded with */ \.-inch bare electrod¢ 
From Fig. 9 it was evident that a se 
immediately following the first wa 
Here again reference is made to the ls which 
critical carbon contents for Iding In contrasti 
Figs. S and 9, the hardness was d 
to 360 Vickers when 


produced whet 


| d be ad de posit ad 
extremely effective 
steel have 


we 


ropped trom JSSO-—760 


inch bare electrodes were used 


and trom 450-680 to 310-360 when using inch coated 
electrodes. The effect of the double pa was not pri 
nounced on the hardness of the lower carbon steel 

In contrasting Figs. 8 and 10, preheating the work t 
300° C. lowered the maximum hardness of the e-inec] 
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Fig. 10 


bare wire weld approximately 300 points Vickers. The 
hardness of the welds made with the '/,4-inch coated 
electrodes was also lowered approximately 300 points 
Vickers. 

A contrast of Figs. 9 and 10 indicated that a double- 
pass weld was just as effective, if not more so, than a 
single-pass weld and a 300° C. preheat. This result 
seems questionable, however, in view of the results ob- 
tained from the cooling curves. In order for this result 
to be true it would be necessary that the first pass of the 
double-pass weld would have to heat the test-piece to a 
higher temperature than 300° C. This difference may 
have been due to variations in heat input during welding. 

From Figs. 9 and 12 it was noticed that the effect of a 
third pass immediately following the first two passes 
dropped the hardness from 350 to 300 Vickers. Contrast- 
ing Figs. 11 and 12, three passes without preheating 
gave approximately the same results as a two-pass weld 
preheated to 300° C. When the base metal was pre- 
heated to 300° C. and a triple-pass weld was used in 
addition, the hardness was reduced to a figure slightly 
below 300 Vickers. 

Results from these hardness tests indicate that steels 
in the range of 0.35 to 0.50 per cent carbon can be satis- 
factorily welded if sufficient heat is put into the weld and 
parent metal. This would mean that the steel to be 
welded should be welded under the following conditions: 


1. There should be sufficient heat put into the piece 
being welded so that at the end of the first pass the tem- 
perature will stay above or at least not go below the 
range of 125-175° C. before time has been allowed to 
start the second pass. If this can be accomplished by 
the use of the heat from the first pass only, then preheat- 
ing is believed to be unnecessary. If the above condi- 
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tions cannot be fulfilled, then sufficient preheat to fulfil 
the above condition will be necessary. 

2. There should be sufficient heat put into the weld at 
the completion of the last pass so that the heat-affected 
zone will cool at a rate not to exceed 10-15° per second 
while traveling through the range of 500-650° C. It is 
obvious from this requirement that each pass would 
follow immediately after the previous pass. 


MACROSCOPIC EXAMINATION 


An observation of Fig. 13 indicated that the effect 
preheating was to increase the depth of the etched, heat 
affected band directly adjacent to the weld. Number 
one and six weld beads show this quite well. In the 
sample shown at the left, this band appeared to be quit: 
narrow and well defined while on the right, number one 
and six show a much broader heat-affected band and the 
bands did not appear as sharp and well defined. This 
was as expected. The difference in color of the heat 
affected band from the base metal indicated a change in 
structure had taken place in the band. This change in 
structure took place above 700° C. With no preheat, 
the heat from welding was conducted from the weld by 
the base metal at such a rate that only a very narrow 
band adjacent to the weld-metal became heated to a 
temperature of 700° C. If the parent metal, however, 
was heated to 300° C. prior to welding the rate of heat 
flow from the weld was cut down considerably. This 
resulted in a wider band being heated to 700° C. than in 
the previous case. In the latter case, due to a lesser tem- 
perature gradient, the change in structure was more grad 
ual. For this reason the heat-affected zone appeared to 
fade into the base metal. A sharp, well-defined heat 
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FIGURE I2 


affected zone was the result of a very steep temperature 
gradient. 


MICROSCOPIC EXAMINATION 


One of the purposes of this investigation was to study 
the effect of grain size on the physical and metallurgical 
properties of the weld. From the material used in this 
investigation, no definite results on grain size could be 
established. Of the five steels furnished, the two photo- 
micrographs shown in Figs. 14and 15, indicated the maxi 
mum contrast in grain size after furnace annealing at 
1725° F. The fine grained material had a standard 
A. S. T. M. grain size of 5 to 7, while the coarse grained 
material had an A. S. T. M. grain size of 2 to6. It was 
believed that this was not sufficient contrast in grain 
size 


From evidence of the effect of grain size in heat treat- 
ing operations, it is believed that it would be better to use 
a fine grained steel in welding since such steel is not as sus- 
ceptible to deep hardening as a coarse grained steel. 
This would mean that the heat-affected zone would theo- 
retically be narrower in a fine grain steel than in a 
coarse grained steel. The above reasoning is illustrated 
in Fig. 16. Since transformation starts from the grain 
boundaries, and since the finer the grain size the larger 
the surface to volume ratio—(S/V), it follows that trans- 
formation will take place in a fine grain steel more rapidly 
than in one which is coarse grain. The difficulty in es- 
tablishing any such definite conclusions experimentally 
is due to the very narrow region in which observations 
can be made. A fine grained steel in most instances will 
be definitely coarse at 1900° F. A coarse grain steel will 
almost always be fine up to a temperature of 1600° F 
For this reason, observation is limited to the heat 
affected zone between the isothermal lines of 1600 and 
1900° F. The entire heat-affected zone does not usually 
exceed 0.10 inch in such instances where the austenitic 
grain size (evidenced as martensite) is outlined by a fine 
pearlite network. This being the case, the zone of 1900 
1600° F. usually will not exceed a depth of one or two 
grains. For this reason conclusive results become dif 
ficult to obtain. 

The two photomicrographs shown in Figs. 17 and 18 
represent heat-affected zones from single-pass welds. 
At the left of each photograph the columnar structure of 
the weld-metal was observed. The right-hand side of 
each photograph shows the structure of the heat-affected 
zone. The zone consisted of martensite grains with 
ferrite and troostite at the grain boundaries. Though 
the grains were martensitic, the hardening power of the 
0.3 per cent carbon steel was quite limited. In addition 
to this the steels were very nearly transformed to the 
low hardness products (dark etching constituents). Fig 
ure 18 indicates partial transformation of the martensite. 
This was indicated by the small needle-like particles 
throughout the light martensite grain. 

From Figs. 19-22, it can be seen that the additional 
passes quite effectively broke up the columnar structure 
of the first deposited bead. In these figures also, the 
weld-metal can be seen at the left of each photograph and 
the heat-affected zone on the right. In all photographs 


shown in these figures, the heat-affected zone consisted 
of pearlite and ferrite. These photomicrographs also 
show up the fact that striking differences in the heat 
affected zone due to differences in grain size are lacking. 
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Fig. 14—S. A. E. 1030. Fine Grain Annealed 1725° F.—100 X Fig. 15S. A. E. 1030. Coarse Grain Annealed 1725° F.—100 x 





Figures 23-26 illustrate some of the structures obtained hand side of the photograph, large pearlite grain 
when welding S. A. E. 1050 steel. Figure 23 shows the _ lined by free ferrite were observed. This material wa 
complete heat-affected zone of the base metal when the unaffected parent metal. 
welded with */\-inch bare wire, using only one pass and Figure 24 illustrates the type of weld structure for 
no preheat. At the left is shown the edge of the weld when using a '/,-inch down-hand coated electrode, triph 
metal, showing the columnar structure, characteristic ofa pass,andnopreheat. Here the weld-metal had the p 
single-pass weld. The light-colored constituent adja- hedral type grain structure which was caused from t 
cent to the weld-metal is martensite which is extremely annealing action of the additional deposited beads. 1! 
hard. This material extends throughout the entire heat- parent metal contained light-colored grains of mart 
affected zone. Receding from the weld, the martensite site but considerable dark material (troostite) had be 


grains were noticed to be outlined by a dark constituent. precipitated, thus this material was considerably soft 
This material was troostite. The martensite grains, as than that shown in Fig. 23. 
outlined by the troostite, were seen to decrease in size as Figure 25 illustrates a single-pass weld with the typ 


the distance increased from the weld-metal. This was’ dendritic or columnar structure. Here, as in the 
because of the lower temperature produced as the dis- vious case, the martensite grain was bounded by tr 
tance from the weld was increased. Finally, at the left ite. There was, however, considerably more mart 
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Fig Triple Pass—' «-Inch 


site in this case than in the previous one, thus indicating 
that a single pass */,.-inch bare wire weld and 300° ( 
preheat was not as effective in overcoming the hard cor 
stituents as was the !/4-inch down-hand coated electrode, 
triple pass and no preheat. 

Figure 26 illustrates the desired structure. The struc 
ture on the left is that of the weld-metal. Equiaxed 
grains were present, which was the result of the annealing 
action of the following beads which were deposited. The 
right-hand portion of the photograph shows the dark 
fine-pearlite structure containing a small amount of 
light “‘worm-like’’ ferrite. It was noticed that no mar 
tensite was present. 


STRESS RELIEVING 


Chough no tests were made on stress relieving it is be 
lieved to be a beneficial step in the welding of medium 
carbon steels (steels which are susceptible to hardening 
[t is also desirable that the welded material be placed i 
the stress-relieving furnace immediately after welding 
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The resultant welded structure, after stress relieving, 
will be of a sorbitic-pearlitic nature, whether the struc- 
ture is transferred to the stress-relieving furnace imme- 
diately after welding or allowed to cool to room tempera- 
ture before being stress relieved. 

Should small quantities of martensite be present in a 
welded structure and no stress-relieving treatment given, 
however, each small martensitic area would be a center of 
incipient cracks. 


CONCLUSIONS 


1. The hardness and microstructure of the heat- 
affected zone of a weld on a given material is determined 
primarily by the rate at which the weld zone cools. 

2. The welding current and welding speed (heat in 
put) do not directly affect the structure of the heat- 
affected zone but indirectly affects the microstructure and 
hardness by influencing the rate at which the weld zone 
cools. 


Fig. 21—S. A. E. 1030. Fine Grain Triple Pass—' ,-Inch D.H. Coated 
Electrode Preheated 300° C.—100 X 
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3. Plate thickness, or in general the shape and ma 
the material should be given careful consideration before 
choosing the size of the electrode. This statemen 
made with special reference to choosing an elect: 
which will give the proper heat input for the given 1 
being welded. If a large electrode should be chos: 
fulfil the above conditions, but if for some other rea 
it is not practical then preheating should be considered 

t+. When welding medium carbon steels, if multip) 
pass welding is to be used without preheating, sufficient 
heat should be put into the piece being welded, so that at 
the end of the first pass, the temperature of the heat 
fected zone will stay in the range of 150—-200° C. u 
time has been allowed to start the second pass (two t 
five minutes). At the completion of the last pass, ther 
should be sufficient heat put into the weld zone to obtair 
a cooling rate which will not exceed 10—-15° per second 
while traveling through the temperature range of 500 
650° C. 


5. When welding relatively heavy sections (probably 
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Fig. 22—S. A. E. 1030. Coarse Grain Triple Pass—! ‘«-Inch D.H. Coated 
Electrode Preheated 300° C.—100 X 
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Fig. 23—S. A. E. 1050. Fine Grain Single-Pass Bare Electrode 100X. Composite Photograph of Heat-Affected Zone 
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.. 24—S. A. E. 1050. Fine Grain 100X Triple Pass—' «-Inch D.H. 
Coated Electrode 
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Fig. 25—S. A. E. 1050. Fine Grain 100X Single-Pass Bare Electrode 
Preheated 300° C. 
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, inch or over) of 0.30—0.50 per cent carbon steel, it is 
recommended that a preheating temperature of 100 
300° C. be used depending upon the number of passes to 
follow. The reason for preheating on the heavier sec 
tions is to be sure that after the first pass the temperature 
will remain above the critical temperature of 175—125° C. 
If heavy sections are welded without preheating they 
cool very rapidly to 100° C. and below, before the second 
pass can be made. This results in a critical condition 
and is believed to be the cause of a very large percentage 
of cracks which form after the first pass 

6. Conclusions based on the hardness results for 0.30 
per cent carbon steel indicate that no particular dif- 
ficulties would be encountered in the welding of this ma- 
terial with either bare or coated electrodes. Examina 
tion of the microstructure, however, revealed the pres- 
ence of martensite, in the single-pass bare wire welds. 
It is known, on the other hand, that the hardness of mar 
tensite varies directly with its carbon content. In most 
cases it can be said that the use of preheating or the use of 
multiple beads for the purpose of supplying additional 
heat to 0.30 per cent carbon base metal is not required. 
If the weld is to stand high dynamic stresses it would be 
advisable to use 150° C. preheat in combination with a 
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single-pass weld or else use at least a two-pass weld, the 
second pass following immediately after the first. 

7. In the case of welding both 0.40 and 0.50 per cent 
carbon steel, a single-pass weld should probably not be 
2 inch or thicker, unless a preheating 
If several layers are to 


used on sections of 
temperature of 300° C. is used 
be deposited which will gradually build up the tempera 
ture in the weld zone, then it is necessary only to preheat 
to possibly 100° C. (Sufficient heat to be above 150” C. 
after the first pass has been deposited and until such time 
as the second pass 1S started When welding ;-and 

s-inch material, the heat from the first pass is believed 
to be sufficient to keep the plate at the desired tempera 
ture until the second pass can be started. For this rea 
son preheating is probably unnecessary tos and */s- 
inch material. Hardness values were obtained on the 
0.50 per cent carbon steel which varied from 760 to 226 
Vickers depending upon the rate at which the weld zone 
cooled. 

8. Microscopic examination of the steels investigated 
revealed a wide variety of structures Che structure of 
the heat-affected zone of a single-pass bare wire weld 
deposited on S. A. E. 1050 was found to be fully marten 
sitic. In contrast to this, however, a fine pearlitic-sor 
bitic structure was obtained in the heat-affected zone of 
welded S. A. E. 1050 steel which had been preheated to 
300° C, followed by a triple pass we ld made witha !/, 
inch coated electrode. 

9. No definite conclusions could be established on 
grain size from the results obtained in this investigation. 
From a theoretical viewpoint, however, it would seem 
that a fine-grain steel would be more suitable for welding 
than a coarse-grain steel. 

10. Stress relieving is considered, beneficial in the 
welding of medium carbon steels. 
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Fig. 26—S. A. E. 1050. Fine Grain 100X Triple Pass—'/,-Inch D.H. 
Coated Electrode Preheated 200° C 
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By R. H. HARRINGTON! Resistance Welding Electrodes 


ABSTRACT 


The history of the metallurgical development of resistance welding 
electrodes 1s given. Present electrode alloys are classified in four 
divisions based on applications. The general requirements of an 
electrode material are defined. Future problems are listed. Further 
developments appear to be dependent upon the class of materials 
known as ‘‘prectpitation-hardening alloys.” 


INTRODUCTION 


HILE a lecturer at the Franklin Institute in the 

winter of 1876-1877, Professor Elihu Thompson 

noted several phenomena, the study of which led 
him to important developments, one of these being the 
principle of electric welding. When electric current is 
passed through metals, they are heated in direct propor- 
tion to the magnitude of their resistance. The resulting 
temperatures can be controlled so accurately that, with 
the pressure of the electrodes squeezing the parts to- 
gether, consistently strong welds are produced. The 
parts which apply the electric current and the pressure 
to the materials to be welded are known as electrodes. 
The early requirements of high conductivity for such 
electrode material made copper the logical choice. High 
production levels, however, have made copper obsolete, 
for pure copper is soft and will not withstand modern 
requirements without quickly deforming or ‘‘mush- 
rooming.” 


HISTORICAL DEVELOPMENT 


With the first requirements of high electrical conduc- 
tivity and availability, copper was initially the logical 
material for resistance welding electrodes. However, 
with the pressures required to hold the work together for 
the production of good welds, it was readily apparent 
that annealed copper had far too low a proportional 
limit. Soft copper electrodes deformed under too light 
pressures and the impact of early manually-controlled 
welding machines, thus altering the contact area of the 
electrode and altering the character and quality of the 
weld produced. It was, of course, well known that 
copper could be materially strengthened by cold working 
with very little loss in conductivity. Thus, cold drawn 
copper rod became widely used for spot-welding elec- 
trodes and cold-rolled copper plate for seam-welding 
wheels. 

The high cost of maintenance and replacement of work- 
hardened copper electrodes in high-production lines 
spurred on the search for better electrode materials. It 
was soon apparent that the high electrical conductivity 
of plain copper was not required. It was also known 
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that solid solution alloys work-harden to a greater ext s| 
than will pure metals. The first small additions oi 

soluble metals have the greatest effect in lowering ( 

conductivity of the solvent or base metal and the degre: Bi 
of this effect varies with, and is characteristic o 
added metal element. ‘‘Cut-and-try” procedur 
sulted in the development of several suitable solid 


tion alloys. Of these, the alloy of 1% of cadmium j; is 1 
copper is typical and was easy to fabricate into rod siz 
plate, possessed excellent electrode properties for wid tet 
use in the resistance welding of plain carbon and al! a 


steels as well as non-ferrous alloys, and became a gener y) 
ally used and economical electrode material. 

Further increase in the rates of production, coup! 
with the inherent properties of the materials to 


ye Te ( 


sistance welded, soon resulted in four main divisions \ pri 
resistance welding materials as follows: (1) plain car qu 
bon steels, (2) stainless (or alloy) steels, (3) non-ferrou res 
alloys such as brasses and bronzes and (4) the resistanc ce: 
welding of copper, itself. Just as in the field of th sp 
machining of metals, a number of tool alloys find specifi be 
applications so, in these four classifications of resistance we 
welding materials there was the apparent possibility oi C1 
more specific application of a number of electrode mat: _ 
rials differing rather widely in their inherent properties R 


Methods of powder metallurgy offered means of fabri 
cating mixtures of metals that do not appreciably all 
with one another. Two general methods are as follows 
(1) press together in a mold fine powder mixtures of the 
desired metals and sinter the pressed object in hydroge: 
at a temperature just below or just above the lowest 
melting point, as the case may be, or (2) press in a mold 
the powder of the metal having the highest melting point 
remove and soak it in molten metal having the lowe: 
melting point. The resulting product will resist de! 
ormation better than will the pure softer metal and will 
have an electrical conductivity dependent upon the p1 
portional conductivities of the metals in the mixture am 
the density of the pressed product (higher conductiy 
with greater density). In this manner were produc 
pressed and sintered mixtures of tungsten with copper 
and with silver. The fabrication method has limitations 
as to applications and these mixtures are inherently 
relatively high value. Economy and fabrication prob 
lems led to brazing tips of these materials to plain copper 
bases for spot and projection welding electrodes. Som 
specific applications for these electrodes, of lower e! 
trical conductivity, are general resistance welding 
stainless steel, projection welding of plain carbon ste« 
and resistance welding of phosphor-bronze. The li 
of these electrodes justified their use in these speci! 
applications. 

In comparatively recent years, the class of alloys 
known as ‘‘precipitation-hardening,’’ has been subject: 
to detailed study resulting in a better understanding 
the reactions involved. Copper is constituted of bul 
one phase, crystals or grains of Cu, no matter what | 








may do to it in the solid state in the way of heat treatment. 
Similarly, the alloy of 1% of Cd in Cu is constituted of but 
yhase, a solid solution of Cd in Cu, at all temperatures 

rom room temperature to its melting point. As an ex- 
ple, the Cu-Be system is one in which the solid solu- 
of beryllium in copper increases with increase in 
perature in the solid state. Thus, copper dissolves 
ibout 1% of beryllium at room temperature as 
npared with 2.7% beryllium in solution at about 

, just below the melting point of the alloy. This 
ns that, as the standard 2.25% Be alloy cools slowly 
solidification down to room temperature, about 

> of Be is thrown out of solution as a second phase, 
rresponding to the compound, CuBe. The alloy cooled 
wly, however, has poor physical properties. These 

y be brought to a maximum by water quenching this 
mposition from about 850° C. which retains all of the 
Be in a solid solution at room temperature. This solid 
solution is supersaturated, of course, as it has an excess of 
1.25% Be in solution. By reheating for the proper time 
the temperature range of 275-350" C. the excess Be 

is precipitated as the second phase in a critical particle 
size. This results in an increase in proportional limit, 
tensile strength, hardness and electrical conductivity and 
a decrease in elongation. Thus, the Cu-Be alloys from 
Be to 2.75% Be are “‘precipitation-hardening.” 

Che standard 2.25% Be-Cu alloy has a conductivity 

f about 18% of that of copper in the solution-quenched 
condition as compared to a maximum of 37% in the 
precipitation-hardened state. This conductivity is not 
quite high enough for sufficiently wide application as a 
resistance welding electrode and it operates as such suc 
cessfully only for a few electrode applications under 
special conditions. However, two ternary alloys? have 
been developed that are very successful as resistance 
welding electrodes. One of these is an alloy of 0.4% 
Cr, 0.1% Be and 99.5% Cu that yields an electrical con 
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t Described in detail in “‘Precipitation-Hardening and Double-Aging by 
R. H. Harrington, Metals Technology, Dec. 1936 A.l hi 
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ductivity of over 70% combined with 
limit of 35,000 Ib./sq. in. The other alloy is constituted 
of 2.6% Co, 0.4% Be, 97% Cu and combines an elec 
trical conductivity of 55% with a proportional limit of 
$5,000 Ib./sq. in. These two ternary alloys 
resistance welding electrodes for all steels, plain carbon 
and alloy steels. It is apparent that there may be a 
number of such alloys that will serve well as electrodes 
but these two compositions are given 
amples. It appears that future de 
electrodes lies in this 
alloys. 

rhe table summarizes the typical compositions with 
their physical properties and several may 
readily be drawn by inspection. 

1. Alloys such as No. 5 will largely displace the 
pressed powder compositions for resistance welding of 
steels because of superior properties and 
fabrication. 


a proportional 


serve as 


merely as ex- 
ve lopment of better 
field of precipitation-hardening 


conclusions 


greater ease ol 


2. Alloys such as No. 4 and No. 5 represent the latest 
development of precipitation hardening alloy electrodes 
for the resistance welding of plain carbon and alloy steels 


3. Superior control mechanism is 
speed production resistance welding to 


required in high 
obtain the maxi- 


trodes so that alloys, such as No 
find some electrode applications 

t. Plain copper should find use only small shops 
for odd jobs where life of the electrodes is not a major 
cost factor. There are also some natural applications 
in welding non-ferrous alloys 

5. The class of material to be welded will determine 
which type of electrode may be used with maximum 
efficiency. 


3, will probably always 


CHARACTERISTIC PROPERTIES OF RESISTANCE 
WELDING ELECTRODES 
There are two classes of properties indirect, or 
alloy properties, that determine the methods of fabrica 


TYPES OF RESISTANCE WELDING ELECTRODE MATERIALS 
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| ALLO ¥:3 | 
. . — | 
| HARDNESS |PROPORTIONAL |ELECTRIC| MAXIMUM TENSILE | % 
eo. onsapeatione CONDITION |ROCKWELL| _ LIMIT CONDUC:| SERVICE _|STRENGTHIELON- | BRINELL | 
a_i +— B | «=~ SQ INCH TIVITY | TEMPERATURE] SQ. INCH |GATIONHARONESS| 
| TO TOO 
100% Cu | ANNEALED | sort 5,000 1l0o% Low 32,000 | 38 44 
——$_$—-___—_—_— +— ———_—_—_++—_—— — -~— + t 7 7 
COLD 
2 100% Cu ROLLED 58 | 12,000 | 98% 150°C | 50,000) 18 90 
“J — ———+ —— + + + 
COLD | 27,000- | 
L 3 | 99Cu- 1 Cd ROLLED 65 30,000 85% 200°C 60,000} 20 115 
— — ————__—______4—__ - + + + + ; 
HEAT 35,000- | — - - 
| 4 995Cu-O0.4Cr-O.1Be| rpeatep | 76 37,000 | 75%] 350°C | 55,000] |5 I40 
hh RE - | weAT | 1 
| 5 |97.Cu -2.6Co-O04Be| rpeatep 94 45, 000 55%} 400°C /|110,000/ 20 | 220 
| PRESSED POWDER MATERIALS 
t 1 rs 
6 SOW - 50Cu 50-77 39% DATA SHOWS VARIATION IN 
CONDUCTIVITY AND HARDNESS 
7 70W-30Cu | 85-93 34% WITH VARIATIONS IN 
OMPOSITIO 
H 8iW-19Cu 100 -106 26% ] aiciheahinen 
3 75 W- 25 Ag 90 -98 45% 
10 100 %W 102-112 28% 
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tion of the electrodes, and (2) direct properties which 
determine the performance of the material as an elec- 
trode. 

Indirect alloy properties are those such as foundry 
properties, forgeability, sinterability of powders, ma 
chinability, heat treating, brazing, etc. 

Direct electrode properties appear to be four in num- 
ber: (1) electrical conductivity, (2) resistance to 
“mushrooming” or resistance to plastic deformation, 
(3) maintenance of resistance to plastic deformation at 
elevated temperatures and (4) an undefined property 
which may prove to be surface contact resistance. 


DIRECT PROPERTIES OF RESISTANCE 
WELDING ELECTRODES 


1. Klectrical Conductivity—It was at first assumed 
that high electrical conductivity was a primary require 
ment but high production emphasized the necessity of 
long life electrodes with good resistance to deformation 
at the electrode contact surface. When minimum elec- 
trode conductivities have been determined for welding 
specific materials then electrodes with better strength 
properties can be developed. These minimum conduc- 
tivities will depend upon the nature of the material being 
welded, clean or scaled surfaces, thickness of parts to be 
welded, type of resistance welding such as seam, spot, 
projection or flash welding, etc. 

Some examples are as follows 

The standard 2.25 Be-Cu alloy with 37% of the elec 
trical conductivity of copper is almost satisfactory for 
spot and seam welding of stainless steel while alloy No. 
5, with 55% conductivity (45% when used as heat- 
treated castings) performs very well. Thus, it would 
seem that, generally, a minimum conductivity of 40% is 
required for these applications. 

Similarly, Alloy No. 5 will perform well in only a few 
cases in the seam and spot welding of plain carbon steel 
while Alloy No. 4 with 759% conductivity performs very 
well. One would be tempted to place the minimum elec- 
trode conductivity for these applications at 65% of that 
olf copper. 

A different case, entirely, is that of the fusion resistance 
welding of copper, itself. Here electrical conductivity 
of the electrode material is of secondary importance. 
For this application the electrode material must have a 
considerably higher melting point than that of copper 
and must be incapable of alloying with copper to any 
appreciable degree. The metal, tungsten, with only 
28%, conductivity, meets these requirements. 

Another interesting property is that exhibited by some 
of the precipitation-hardening alloys. Their electrical 
conductivity decreases, with increase in temperature, at 
a lesser rate than does that of pure copper. Thus, 
Alloy No. 4, with an electrical conductivity of about 
75% at room temperature, actually has an electrical 
conductivity of 85% (of that of Cu) at 125° C. 

2. Resistance to ‘‘Mushrooming’’—or Proportional 
Limit.—For years the term ‘“‘hardness’’ has been used so 
generally that, unconsciously, we have come to regard 
“hardness” as being a simple, single property like ‘‘ten- 
sile strength” or ‘“‘elongation,’’ ete. Actually ‘‘hardness’’ 
is partly a measure of work-hardenability of a metal or 
alloy when it is plastically deformed above its elastic limit. 
It is quite possible for two alloys to have the same elastic 
limit and different “‘hardness.’’ Similarly, two alloys 
with the same “‘hardness’’ may have widely different 
elastic limits. 

It is constantly the aim to develop, and to use, elec- 
trode materials with a high elastic limit so that they will 
not deform or “‘mushroom”’ in service. The hardness 
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test measures an effect that takes place largely 
the elastic limit. Therefore, hardness tests should 
be used to compare two different alloys as to their 
sistance to “mushrooming.’” However, the hard 
test can be used to show whether each individual 
has reacted properly to heat treatment or to cold wor! 
Fundamentally, the elastic limit should be us: 
determine the resistance to ‘‘mushrooming’’ of an 
trode alloy. To measure the elastic limit is a 
difficult and costly procedure than to measure th 
portional limit. The proportional limit is that load 
above which further stressing will result in greate1 


proportional strain. The proportional limit, general}, 
is appreciably below, but may be close to, the elast 
limit. The accuracy of measurement of the propor 
tional limit is determined by the accuracy of the exte: 
someter used for the test. (All proportional limits 


ported in the table were measured by use of the Sa 
extensometer. ) 

It is possible for an electrode alloy to have too high 
elastic limit (or ‘“‘hardness’’) for certain applications 
the electrode is too rigid in some applications it 
mark the surface of the material being welded to s1 
an extent that necessary coatings for that surface will ! 
mask the electrode mark from the eye of the customer 

Generally, however, it is desirable to have high elasti 
or proportional) limits in resistance welding electr 
alloys. (It is apparent that tensile strength is ot 1 
portance. ) 

3. Resistance to the Effect of Temperature.—In sp 
of the fact that, wherever possible, spot-welding el 
trodes are water cooled and seam-welding wheels operat 
in a constant flow of cold water, the contact fac 
electrodes are subjected, at least momentarily, to r 
tively high temperatures. What these temperatur 
may actually be, depends upon (1) material being welded 

2) dimensions of material being welded, (3) welding 
paratus in use and (4) local welding technique. 

The maximum temperature to which an alloy ma 
heated for long periods of time and recooled to 1 
temperature without appreciable loss of room temper 
ture physical properties is probably the best test to u 
dicate an alloy’s resistance to temperature effects in th 
application as a resistance welding electrode. 

Metals and alloys, such as No. 2 and No. 3 in the tabl 
depending upon cold work alone for their physical prop 
erties, generally become ‘‘dead soft’’ or annealed wh 
heated above their recrystallization temperature 
Thus, cold-rolled copper and the alloy of 1% Cd in ( 
will recrystallize at temperatures in the range of 5U0 t 
150° C., depending upon the amount of cold worki 


they have undergone: the greater the amount ot cold 


work applied, the lower is the recrystallization tempera 
ture. Cold-worked metals and solid solution alloys ar 


actually in a metastable condition and will appreciably 


lose their properties, in the cold-worked state, at servi 
temperatures considerably below their tempera.ures 
recrystallization. These allowable service temperatur 
will vary for different materials, being about 1oU™ ( 
for cold-worked copper and may be as high as 2UU 
for the cadmium-copper alloy. 

Precipitation-hardening alloys generally have serv! 
temperatures, depending upon the particular all 
that may be only a little below their precipitatio! 
hardening temperatures. Thus, Alloy No. 5 precipil 
tion-hardens at 500° C. and, from a variety ot appli 
tions, appears to have a service temperature of 400" C. 

A certain few precipitation-hardening alloys, ev« 


when fully hardened, are still soft enough and have su! 


ficient ductility to have their properties turther improv‘ 
by subsequent cold working. Since these alloys ha’ 
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been fully precipitation-hardened previous to cold work- 
the large number of minute particles of the hard pre- 
cipitated phase obstruct the diffusion reactions involved 
recrystallization, resulting in a higher recrystalliza 
temperature and higher service temperatures. Thus, 
Alloy No. 4 is precipitation-hardened (after the solution 
ench) at 500° C., and is then cold worked to finish 
ensions in rod and plate stock. In this condition it 

es not apparently recrystallize below 500° C. and a 
wide variety of applications seem to indicate that its ser 
vice temperature is about 350° C., quite a-bit higher than 
service temperatures for cold-worked metals and simple 
solid solution alloys. 

t. The “X”’ Property (possibly surface contact r 
Sufficient electrical conductivity, suitable 
resistance to ““mushrooming,’’ and high service tempera 
ture do not necessarily qualify an alloy as a good resis 
tance welding electrode material. 

For example: Alloy No. 5 is an excellent electrode for 
the resistance welding of stainless steel. If 0.2% of 
iluminum is substituted for 0.2% of the beryllium, the 
resulting alloy has practically identical tensile proper 
ties, electrical conductivity and resistance to tempera- 
ture effects. This alloy, containing aluminum, sticks to 
the material being welded and is, therefore, not suitable 
for resistance welding electrodes. The property in 
volved has not been clearly defined but it may be that the 
contact surface resistance is too high due, possibly, to an 
oxide film. Until this property, whatever it may be, is 
clearly defined, it will be necessary to make “‘cut-and 
try’ welding tests throughout the full range of control 
in available welding equipment before accepting or r 
jecting new alloys as welding electrode materials 


sistance). 


ELECTRODE ALLOY VS. MATERIAL TO BE WELDED 


It can now be said that certain classes of metallic ma 
terials can be welded with the use of certain types of metal 
or alloy electrodes. Specific electrode compositions, 
however, must be chosen by actual trial under the prac 
tical conditions of: (1) welding equipment available, (2) 
control equipment available, (3) local welding technique 
and (4) physical condition of the material to be welded. 
Obviously, then, the relationships discussed below are 
merely metallurgical aspects of resistance welding elec 
trodes and not definite practical recommendations of 
specific electrode alloy compositions. The table of Elec 
trode Materials lists only single examples of each type of 
electrode material as representative compositions 

As previously noted, materials that are being resistance 
welded may be classified as follows |) plain 
steels, (2) stainless (or alloy) steels, (4) non-ferrous alloys 
and (4) plain copper. There are also the different forms 
of resistance welding: (1) spot welding, (2 


carbon 


2) seam or line 
welding, (3) projection welding and (4) flash welding 

1. Plain Carbon Steel.—These require higher conduc 
tivity electrodes than do the stainless steels, with the ex 
ception of projection welding and flash welding. Elec 
trode types 3 and 4 are justified for spot and seam weld 
ing. Type No. 5 is satisfactory for projection welding 
and flash welding while several bronze compositions hav 
ing electrical conductivities of 10-20°% are also suitable 
for flash-welding dies. Plain carbon steels are generally 
spot and seam welded under sufficient pressures to make 
good welds at temperatures just below the melting ranges 
of the steels 

2. Stainless and High-Alloy Steels.—These do not re 
quire as high an electrical conductivity in the electrode as 
do the carbon steels. Alloys of Type No. 5, with con 
ductivities over 40% of that of plain copper and with 
higher proportional limit, give maximum service for all 
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forms of resistance welding of stainless steels Some of 
the pressed and sintered powder mixtures of tungsten 
with copper and with silver are also quite satisfactory 
lhe stainless steels also weld under proper pressures in 
the solid state at temperatures just below their melting 


ranges 


If it were necessary to fusion resistance weld the steels 
as in the case of many non-ferrous alloys, the molt 
steel in contact with copper base alloy electrodes would 
very likely alloy with and stick to such electrodes Chis 


would probably necessitate the use of electrodes of the 


type of pressed powder mixtures of tungsten with copper 
or with silver or plain tungsten, itself, and, even thet 
some alloying difficulties with these electrodes might re 
sult 


0 Von Ferrou Alloys Most of these illoy , ul like 


steels, will not forge weld or weld under pressure in thi 


solid state in air atmospheres at any temperature be 
cause of the tenacious characteristic f the oxide film 
formed on the surfaces of these alloys when they are 
heated in air. Consequently most of these alloys must 
be fusion resistance welded 

Certain alloying elements, with any given base metal 
will obstruct the alloying diffusion of other metals into 
the solid base metal alloy Detailed information regard 
ing this effect is almost entirely lacking for electrods 
alloys so that electrode applications for welding this clas 


almost entirely ‘‘cut-a1 1] 

Also, the interfacial contact resistance of the materials to 
be welded may be sufficiently high to cause fusion of these 
surfaces in a time too short to melt e1 
parts to be welded so that contact of electrodes with 
molten alloys can be avoid 
timing control apparatus will greatly lengthen the 
life of electrodes and may even be the determining factor 
Accurate 
resistances of these material to be 


either not beer 


of alloys are 


oded Ft ui 


these 
curate 


in making successful welds 
terfacial 
welded 
lacking 

Some electrode applications for welding su 
are as follows: Type No. 3 for brass, pressed and sit 
mixtures of tungsten with copper or with silver for weld 
ing phosphor-bronze, Type No. 3 for 
base alloys, etc. Pure tungsten (No. 10 
copper No. 2) find some applicatio1 : 

i Fusion Welding of Pure ( 
electrical conductivity of the electrode alloy is 
in importance to the ability of the electrod 
withstand the temperature of molten copper 


contact 
have 


h material 
te red 


certain aluminum 


ind cold-rolled 


OoDDe? 


without 


alloying with the copper For metal electrodes, the us« 
of pure tungsten is practically mandatory Chis re 
port is not concerned with the use of graphite contacts for 


the chief purpose of resistance he: 
of brazing 


Litt i 


FUTURE PROBLEMS 


lhe chief aims of this report are to de 


CI 
of metallurgical progress in resistance welding 
alloys, not to determine but to point out 
clear definition of desirable electrode properties, to stimu 
late metallurgical interest in 
trodes as well as in the actual resistancs 
list some of the problems for immediate future 
Some of these immediate problems are the following 
lo more accurately define the requirements of r 
sistance welding electrodes for different 
this connection, while four chief properties 
cussed individually above, each of these is not nect 


ibe the trend 
electrode 
the need for 
resistance welding ele 
welding, and te 


researcn 


sarily independent of some of the others and there may 
still be further desirable properties as yet undefined 
Z Development of more efficient electrod illoy 





which, almost from necessity, will probably come from 
the class of alloys known as “precipitation hardening.”’ 

3. Measure the contact surface resistances of elec- 
trode materials under various conditions: sand-blasted, 
filed, tool machined, pickled, buffed and with controlled 
thicknesses of oxide scale or films. 

t. Measure the contact surface resistance of the 
materials to be welded, individually and in combinations 
(if possible) and also the relative effect of temperature on 
these values. (Similar to No. 3). 

5. Development of special alloy electrodes for specific 
combinations of non-ferrous alloys to be welded, elec- 
trode alloys that will resist specific diffusion into the elec- 
trode by the molten alloy (to be welded). 


CONCLUSIONS 


|. The metallurgical history of the development of 
resistance welding electrodes is given. 


STRESS DISTRIBUTION IN WELDS 





Definitions of desirable electrode alloy proper 
are attempted to facilitate discussion and further 
velopment. These are: (1) suitable electrical condy 
tivity, (2) high proportional limit, (3) maintenanc: 
physical properties at as high a service temperatur: 
possible, (4) the ““X-property,’’ probably contact surf 
resistance. 

3. Resistance welded materials are classified in four 
general divisions: (1) plain carbon steels, (2) stainless or 
high-alloy steels, (3) non-ferrous alloys such as bras 
bronzes and aluminum base alloys, (4) the fusion welding 
of copper. 

4. It seems highly probable that future development 
of new resistance welding electrode alloys will lie in that 
class known as “‘precipitation-hardening alloys.”’ 

5. Five problems of immediate interest are suggest 
for research, the results of which will aid greatly in th 
development of new electrode alloys and in the scientific 
understanding of resistance welding phenomena. 

















By CYRIL D. JENSENt and ROBERT E. CRISPEN: 


INTRODUCTION 


HE investigation reported herewith has been de- 

signed to clarify an apparent lack of agreement 

between current theories on the distribution of 
stresses in a welded connection subjected to bending. 
Figure 1 shows the problem graphically, the upper sketch 
showing the basic problem, and the lower sketch a 
practical application. The two theories are those ad- 
vanced by Prof. T. C. Shedd in his book StrucTURAL 
DESIGN IN STEEL,' and Mr. N. G. Schreiner in his paper 
BEHAVIOR OF FILLET WELDS WHEN SUBJECTED TO 
BENDING STRESSES.’ 





* Paper to be presented at Annual Meeting, A. W. S., Detroit, Mich., 
Oct. 16 to 21. 1938. Contribution to Fundamental Research Division of 
Welding Research Committee 

t Associate Professor of Civil Engineering, Lehigh University 

t Former student at Lehigh University 

' John Wiley & Sons, Inc., Publishers 
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CURRENT THEORIES 


Prof. Shedd states that at abrupt changes of sectio1 
as points A, B, C& D, Fig. 1, the straight line concept 
stress distribution does not hold, but that higher stresses 
obtain at the extremities of the weld. He suggests 
general equation of the stress distribution as follows 


y" = as, and derives a more specific equation ‘or th 
stress in the extreme fibers, s 2(n+2)M/bh?, wher 
nm must be determined experimentally. He sugges! 


that for joints subjected to repeated loadings, such 
brackets for a crane runway, a value of 4 be used for 
This doubles the computed fiber stress due to bend 
over that obtained by the regular flexure formula. 
Mr. Schreiner, whose research work has to do mail 
with ultimate loads, assumes the straight-line distribi 
tion of stress for loads below the yield point, as given | 
line aob in Fig. 2. At loads slightly above the yield poi 
the curve cod represents the stress distribution. H 
reasoning is as follows: As the outermost fibers rea 
yield point they stretch without increase in stress, a 
succeeding fibers (toward the neutral axis) also rea 
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Fig. 3B 


the yield-point stress. As the load is increased 
cessive fibers approaching the neutral axis reach the 
yield-point stress until the final distribution is repre 
sented by ceofd. This final distribution results in a 
section modulus of bd*/4 instead of the customary bd?/6 
He points out that ultimate loads can be predicted more 
closely by using the former value rather than the latter 
However, in his conclusions he does not advocate the 
use of the former value for design purposes 

Mr. Schreiner’s method of computing the resistance 
of the welds is interesting and is worth discussing. The 
usual method is to equate the bending moment, .)/, to 
the resisting moment, S//c, where S is the stress i 
lb./square inch, 7 is the moment of inertia in inches,‘ 
and ¢ is the distance d/2 where d is the depth of the 
member. J/c is called the section modulus and reduces 
to bd?/6 for rectangular sections where 6 is the width of 
the member in inches. In the simplified method S is 
the safe load per inch of fillet weld, its value for covered 
electrodes, according to the recent revision of the A. W.S 
building code, being 1200 Ib. per eighth inch of leg of 


suc 


fillet. Accordingly, ;-inch welds carry a safe load of 
400 Ib./inch, ete Che section modulus for one line of 
weld becomes d*/6 and for two lines of weld isd*/3. Thus, 


iia moment is given and the size of the weld is assumed, 
with its consequent safe load per inch of weld, the re 

quired length of weld is easily computed. Or the length 
f weld may be assumed and the required size of weld 
letermined.' 


For a more detailed discussion of this subject the reader is referred 
paper, DesiGns INVOLVING FILLET WaeLps by C. D. | in the AMERICA? 
WELDING Socigty JouRNAL, Jan. 1937, and to another paper, Tue Practic 
DESIGN OF WeLpeD Sree. Structures by Malcom Priest in the same ] 


under date of 


August 1933 
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STRESS DISTRIBUTION IN WELDS 


It may appear that the two theories just outlined are 
not compatible. However, Prof 


Shedd’s study is in 


the realm of repeated loadings below the yield-point 
stress while Mr. Schreiner’s investigation has to do 
with ultimate loads and must be assumed as being for 


static loads as his theory is based upon conditions above 
the yield point 

he undergraduate thesis by Crispen involved both 
a polarized-light study and actual tests 
mens in which the welds were machined to exact size 


he polarized-light studies gave interesting data, but 
not particularly pertinent; on the other hand, the steel 
specimen tests gave most unusual informatiot rh 

report, as a consequence, will be confined to these latter 


tests 


STEEL SPECIMEN TESTS 


Fig. 3A shows a specimen whitewashed and ready 
to be tested. A pair of Huggenberger tensometers is 
occupying a similar position on the reverse side of the 
specimen A '/s-inch gage length was used which 
nearly spanned the diagonal faces of the e-inch ma 
chined welds. Strains were also measured along the 
vertical edge of the base plate (line A in Fig. 4 Phe 
results have been plotted graphically for both lines A and 


B, the graph for A being offset to the left for clearances 
rhis strain distribution is typical for all three specimens 
tested, one of which was stress-relieved. Further, the 
curves are typical for loads both above and below the 
vield point It will be noted that the data confirm 
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the Shedd theory for loads below the yield point where 
stress is proportional to strain. But when the loads are 
increased to the yield point the strains may differ 
greatly yet the stresses may all be at the yield point, ex- 
cept for a few fibers near the neutral axis. 

One is inclined to state, therefore, that Shedd’s curve 
of stress distribution for loads below the yield point and 
Schreiner’s curve of stress distribution above the yield 
point are correct, but that Schreiner’s assumed curve be- 
low the yield point is incorrect. However, it will be ob- 
served that Schreiner’s specimens (Fig. 2) and those used 
in this investigation differ in one particular detail. In 
Schreiner’s specimen the splice plates are flush, top and 
bottom, with the main plates, while in the specimens in 
this investigation the base plate extends both above and 
below the limits of the cantilever. 

Figure 5 is presented in an effort to make clear the 
extra duties demanded of the ends of the vertical welds. 
For more detailed discussion the reader is referred to the 
appendix; but briefly stated, the base plate is deformed 
in the region between A and B (likewise at the bottom). 
The weld at B not only has to supply the force to strain 
the plate there but also has to supply the force to strain 
the base plate in the entire region between A and B. 
Since, in Schreiner’s specimens the plates connected by 
the welds are flush with each other there appears to be no 
good reason to take exception to his assumption of a 
straight line distribution of stress. In a_ practical 
application, therefore, it is necessary to judge which 


Table 1—Results of Tests 





2 3 4a | 5 6 | 7 
SpecjCantilever| Stress] Moments= Ib-in. Computed Max. Weld Stress 











No.| Plate [Retief |(3t Flaking] Final | $= 6M/2d? (ibAn) S=4M/2d 
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{ 53+ Yes |132,000 mange 23,000 {5,400 
2 - No |160,960 {201,360} 24,200 16,100 
3 5°. 2 No | 150,000 245580] 29,400 23,500 























“Downward deflection of end of cantilever -—Ii¢- 
**Contilever plate buckled sidewise. No evidence of weld failure in 
"Weld failure. Plate deflection- +" ~ \__ specimens _| & 2 











specimen, Schreiner’s or the authors’, that the joint in 
question more nearly simulates. 

Table 1, which gives the results of the tests to de 
struction, overwhelmingly confirms the Schreiner theory. 
On specimens 1 and 2 the cantilever plates were but 
'/,inch thick. This thickness would have been sufficient 
to force fracture in the welds had a straight-line distribu- 
tion of stress obtained. A half-inch fillet weld should 
have an ultimate value of 19,000 to 20,000 Ib. per inch or 
better. In column 6 of Table | it is noted that the com- 
puted stresses (based on the flexure formula) are all too 
high. On the other hand, when Schreiner’s advocated 
rectangular distribution of stress method is used, as 
shown in the last column, good values are obtained. It 
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should be noted that in only the third specimen did the 
welds actually fail. 


CONCLUSIONS 


The conclusion from this investigation is that ap] 
ently both Shedd and Schreiner are correct. The ay 
thors are of the opinion that the straight-line distribu- 
tion of stress theory should continue to be used becaus 
it is so well known and is amply safe for static loads 
But when joints are to be subjected to repeated loads, 
the straight line concept of stress distribution should be 
discarded or modified. The extent to which this concept 
might be modified was suggested in Shedd’s discussio1 

namely, that the working stresses be halved. It should 
be noted that no fatigue tests were made in this invest; 
gation and that halving the working unit stresses is pr 

posed not for all cases where joints are subjected to repeti 
tive loadings but for those joints found in buildings ar 

bridges and similar structures where the total number of 
repetitions up to full working stress probably will be 
but one or two hundred thousand times at most in the lif 
of the structure. 


APPENDIX 


As a common sense check on the measured strain dis 
tribution Fig. 5 is presented which endeavors to picture 
the deformation in the region of the joint. Line X—X is 
the vertical edge of the unloaded base plate, and lin 
Y—Y represents a line on the unloaded weld near its 
intersection with the cantilever. Curved line X“—X’ rep 
resents the deformation which takes place in the bas 
plate when the load is applied to the cantilever. Simi 


larly, Y’-Y’ is the deformed position of line Y-} 
Y"-Y”" is parallel to Y’—Y’ but drawn through th 
center of line X—X. The deformation measured by 


the tensometers on the welds may be represented by 
the distance between Y”’—Y” and the curved line X ‘—\ 
A little study will reveal that this deformation whe: 
drawn from a vertical base and to a larger scale would 
be much like curve B in Fig. 4, thus giving credence 
the findings in this investigation. 

Another proof that an unfavorable distribution of stress 
in the welds is to be expected may be explained by th« 
force arrows in Fig. 5. Due to the strain which takes 
place in the base plate in the region of X’, the resultant 
will be farther from the neutral axis than if the bas 
plate did not extend above and below the cantilever a 
was the case in Schreiner’s specimens (Fig. 2). The re 
sultant for the forces in the welds must match the r 
sultant for the base plate, and the inference is that ther 
must be, therefore, a less favorable distribution in tl 
welds than is given by the ordinary flexure formula 
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EFFECT OF RIGID BEAM-COLUMN 





Connections on Column Stresses’ 


By INGE LYSE? and E. H. MOUNT: 


INTRODUCTION 


STUDY of the design and behavior of the top angle 

beam connection designed for end restraint ap- 

peared in the October 1936 and October 1937 issues 
of THE WELDING JOURNAL.' The present paper contains 
the results of a study of the localized column stresses pro 
duced by this type of connection. The investigation was 
sponsored by the Structural Steel Welding Committee 
of the AMERICAN WELDING SOCIETY and was carried out 
at the Fritz Engineering Laboratory of Lehigh Univer- 
sity. 

Che column moments induced by partial rigidity in the 
beam connection may be determined by modification of 
any one of a number of methods of rigid frame analysis. 
This investigation was, therefore, confined to a study of 
those localized column stresses of a secondary nature 
The object of the investigation was to determine whether 
these secondary stresses acting simultaneously with 
axial column loads were of sufficient magnitude to cause 
local buckling of the column when subjected to vertical 
loading. 

A series of beam-column connections with column size, 
beam size and top-angle size as variables were investi 
gated. Analysis of the data obtained indicates that these 
localized stresses are of a negligible order within the pro 
posed limits of the top angle connec tion 
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TEST PROGRAM 
Che original program provided that the principal test 


ing be carried out using a simplified specimen consisting 
of a plate simulating the tension flange of a beam, welded 
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to the column flange. Direct tensioA was applied to the 
plate which in turn transferred the tension to the column 
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Pilot tests, however, indicated that t] 
type of specimen could not be made to duplicate column 


flange and web 


flange stresses produced by the welded top angle conne« 


tion. The program was, therefore, revised and a cat 

tilever specimen of the type show | vas sub 
stituted lhe program in its final form provided for the 
testing ol fourteen specimens ol t general tvpe with 
beam size, column size, and top angle size varying as in 


dicated in Table 1. 


FABRICATION OF TEST SPECIMENS 


Che stub columns were cut t ize and mounted hort 
ontally on a jig Che seat angle was th welded n 
place he beam was set in place ar mmed to allow 

ti ;-inch clearance between beam end and colum 
lace lhe beam was tack-welded t tiie eat angle and 
the shims removed he top angle was tack-welded i 
place and the beam checked finall lor perpel dicularity 
to column face. Che top angle wel vere « mpleted 
and the jig rotated through 90° t illow placing of the 
final seat angle welds in the horizontal positio1 The 
specimen was then reversed in the jig and the procedur 
repeated in attaching the second beam to the opposite 
column face lop angle welds were placed in two way 
Che weld-metal was placed in a serie f beads until the de 
sired weld size was reached, or the jig was rotate il throug! 
15° and the weld-metal deposited by a seri f flat hori 
ontal beads Ni appreciable difference in behavior be 
tween welds made by these two methods was noted 
testing and, therefore, no differentiation is made in the 


test data between specimens welded by the two met] 
All welds were made by a qualified welder 1 
failure showed excellent fusion and absence of inclusion: 









or blow-holes. All large welds were made with */;.-inch 
heavy mineral coated electrode and all tack-welds and 
small finishing beads were made with */3.-inch coated elec 
trode 


METHOD OF TESTING 


All specimens were tested to failure in a 300,000-lb 
Olsen testing machine. Loading was applied as shown 
in Fig. 1. The beams were supported on rollers placed 
32 inches from the column faces and the load applied to 
the center of the column through a spherical bearing 
block. 

The rotation of each beam at the face of the column 
was measured by means of four Ames dials reading to 
‘/;o00 inch attached to the beams with plungers bearing 
against the column face as shown in Fig. 1. Gage plates 
were tack-welded on the center line of the column web 
opposite both seat and top angles. Three rows of gage 
holes were spaced at varying distances from the column 
web. Corresponding gage holes on the inner surface of 
the column flange permitted measurement of column 
flange deflections relative to the column center line. 
Gage holes were spaced at 2-inch intervals in the rows 
and permitted observation of deflections four inches 
above and below the weld connecting top angle to column 
and two inches above and below the heel of the seat angle. 





TOT An, 
Top Angle Column Beam Design 
Size Size Size Load 
inches 1b/in. 
5x3 x 1/4 B 10b 49 12I 31.8 280 
Length = § 
3236178 B 10b 49 12I 3 1230 
Length = 5 
3x3x 5/8 , J ‘ OF 
Length = 5 B 10b 49 12I 31.8 2055 
3x3x 3/4 . a : SOR 
ite Aaya 4 B 10b 49 12I 31. 3250 
fe 
5x5 x 1/2 B 10b 49 B 10b 49 1230 
Length = 10 
Y xS<x 1/2 B 10b 49 B 10b 49 1230 
Length = 8 
$x3x 1/2 B 10b 49 B 10b 49 1250 
Length = 6 
7 fe 
$2 3S 1/2 B 10b 49 15I 42.9 1230 
Length= 5.5 
: 23x ws B 10b 49 BI 18.4 1230 
Length = 4 
eee #! B 10b 49 B 10b 49 7230 
Length 10 
$x32x 3/4 B 10b 49 B 10b 49 3250 
Length = 10 
x3 x 3/4 310 4 B 10d 49 3 
Length 8 
x3 x 3/4 3 10 i) B 10b 49 
ist e7f 


Asa = Design load edge deflection of flange at hee 


The 3 x 3 x 7/8 in. top angle failed in the fille 


steel. The data from this test therefore are 


Ata = Design load edge deflection of flange at pol 
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An Ames dial reading to '/ 99) inch and modified as sh 
in Fig. 2 was used in measuring the flange deflections 

Ihe specimens were whitewashed before testing 
observation of scaling aided in determining the lox 
of critical pt ints. 





TEST DATA 


General information concerning specimen size, dé 
loads, ultimate strength, apparent factors of safety 
flange deflections is presented in Table 1. The factor 
safety listed in Table | are factors of safety against 
failure. It should be remembered that the flexibility 
this type of connection is such that failure by overstr: 
ing at the center of the beam will occur prior to ultin 
failure of the connection. The tabulated flange defi 
tions are those observed at the flange edge at the point 
attachment of the top angle and at the heel of the s 
angle. Deflections of slightly greater magnitude tha 
those recorded at the top angle were observed at a point 
on the flange edge two inches below the point of attac! 
ment of the top angle. This phenomenon was the result 
of the moment applied to the column flange by the to; 
angle and disappeared as loads were increased above t! 
design load, so that the maximum deflections occurr 
at the point of attachment of the top angle. The shift 
in the point of maximum deflection may be account: 





le Observ Factor 
—" mafete ~_ 7 
ae ees 
1170 4.18 e002 1 
590 «lO J 1 
4250 2.07 ° ~002 
6240 1.92 05 d11 
<VvIVU 243 ~O1 eJVU0O 
2880 2.54 2006 - 006 
3280 2.66 2003 - OOS 
< oVU . eWVe . be 
5¢ +4 2004 i 
10140 1.40 -043 027 
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direct pull continues to increase with the increased load. 
Flange deflections observed for angles smaller than 3 
by 3 by '/2 inch and having a length less than 8 inches 
were very small and erratic. 
Typical transverse flange deflection curves for large 
angles are shown in Figs. 3 and 4. In each case the left 
half of the figure shows the observed deflections at the 


point of attachment of the top angle and the right half of 
the figure shows corresponding curves for a pow two 
inches below the top angle connection. Typical deflec 


tion curves of the flange edge are presented in Fig. 5 
These curves show the local nature of the deflections. In 
all cases the plotted deflections are the average of ob 
served deflections for corresponding points on opposite 
sides of the column web. The average was used in order 
to eliminate the effect of any eccentricity in the loading 
of the specimen. 

Flange deflections at the seat angle were at all times 
small and erratic. The general trend, however, seemed 
to be in the direction of uniform deflection for all points 
on a transverse section which indicates that the major 
portion of the deflection was the result of elastic and 
plastic deformation of the web. 

[he measured end rotations of the beams were used in 
calculating heel deflections of the top angles and in the 
determination of the rigidity of the connection. A 
typical load-deflection curve is shown in Fig. 6. The re 
sults were plotted for three angles of the same size, 3 by 
3 by '/2 inch but with varying lengths of 6, 8 and 10 

Fin, Salads Gord in Missdniing Flanss Baliestiecs inches. The fact that the points fall so closely together 
indicates that variation in length has no effect upon the 
flexibility of the connection. However, increase in the 

for by the fact that yielding of the top angle weld at or length of the angle over six inches showed a tendency to 
slightly above design load allows the moment applied to decrease the efficiency of the connection, i.e., decrease 
the flange to increase at a much lower rate, while the the ultimate load expressed in pounds per inch length of 
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Fic. 4- TRANSVERSE BENDING OF COLUMN FLANGE ab 
3x3x4 Top ANGLE 8° LONG |4-6-3 





top angle. This tendency became particularly pro- Failure started by tearing of the weld at the root in t 
nounced in angles as large as 3 by 3 by ’/s inch and 3 by center of the column flange and progressed toward tl 
3 by Linch. Figure 7 shows the type of failure which throat and in both directions from the center to the e1 
occurred in a 3 by 3 by 1 inch top angle 10 inches in _ of the welds. 

length. This failure is typical of angles of this size. Elastic and plastic deformations of the web contribut: 
materially to the center deflections of the flange as show 
in Figs. 3 and 4. The critical points are shown by thi 
scaling of the whitewash in Fig. 8. The scaling at t 
top angle is inclined at 45° indicating that the principal 
force acting is direct tension applied at the point of at 
tachment of the top angle to column flange and acting | 
a direction perpendicular to the column flange ry 
scaling at the seat angle is typical of web crippling du 
bearing loads 


en 


t DISCUSSION AND ANALYSIS OF TEST RESULTS 
Pas 

% Before any attempt was made to analyze the colun 
¢ stresses it was necessary to establish an upper limit 


top angle size which in turn established the maximut! 
load which need be considered in the analysis of colun 
stresses and deflections. 


Center L 


. The rigidity of the cantilever connection was compute: 
& as shown in Fig. 9. The cantilever was assumed to be 
§ an end portion of a partially restrained beam having a 
S identical connection at the opposite end, the point of 1 





flection being coincident with the point of applicatior 
load to the cantilevered beam. The load, end rotatior 
and point of inflection being fixed by test procedure a1 
results, it was possible to calculate the length of this im 
aginary beam and to compare its free end rotation wit 
the observed rotation of the cantilever. This comparis 
gave a measure of the rigidity developed by the conne 
tion under various load conditions. Figure 10 presents a 
comparison of rigidities developed by three sizes of angl 
Fic S- LONGITUDINAL BENDING OF COLUMN FLANGE namely: 3 by 3 by '/:inch; 3 by 3 by */s inch; and 3b 
3*3*% Top ANGLE 10° LONG 





Deflection (Thousandths Inch) 


3 by */, inch. The length of these angles was also 





WELDING RESEARCH SUPPLEMENT OCTOBER 























AAA 





= 1200 } 7 
/ 

. / 

vs f 


: °3<3~% TopAngle 10” Long | 
«30301 Top Angle a Lona 
&3*3*5 TopAngle @ Long 
wie * 
| 
fo 
f 
9 ae ss oi 
0 40 80 '20 60 200 


Heel Deflection (thous and of inch) 


FiG.6- LOAD DEFLECTION CuRVE For Top ANGLE 


ariable but Fig. 6 showed that the length has no effect 
upon the flexibility or its reciprocal, rigidity. In 
culating the rigidity of the connection it was necessary 
to use a beam size which when coupled with the connec 
tion in question gave a balanced design. Since Table 

shows that beam size has no effect upon the action of the 
top angle it was necessary to consider the balanced de 
sign only in computation of the rigidity. The dotted 
curve in Fig. 10 intersects the rigidity curves at the per 
cent fixity developed at design load. These curves are 
typical of others plotted for the remainder of the 
mens. They show that in all cases the rigidity developed 
at design load is well above the minimum allowable 
rigidity of fifty per They also show that design 


cal 


speci 


cent 





Fig. 7 


Fig. 8 


Fig. 7—Failure of Large Size Top Angle Connection 
Fig. 8—Web Yielding Indicated by Scaling of Whitewash 
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load rigidity tends to increase with angle size rather 
rapidly for those sizes equal to or greater than 3 by 3 by 

,;inch. This increase in rigidity is caused by two fac 
tors. First, general yielding throughout the entire weld 
is improbable in the larger size welds. Second, the duc 


, , 
the directio! 


tility of the top angle transverse to 
was found by iree be d tests to ce crease Tf ither 


of rolling 
markedly 


in angle sizes above 3 by 3 by inch \s the flexibility 
of the connection depends upon the ielding of the top 
angle weld and the ductility of the angle itself, these two 


ed above 


accompanied 


factors tend to increase the rigidity as mentio1 
This increase in rigidity of the connectio1 





by a comparable decrease in the factor of safety against 
end failure rhe flexibility of the connecti might be 
increased by increasing the length of leg of the top angle 
but this in turn decreases the allowablk id on the con- 
nection Dheref« re, an increase in th imount of ma 
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Fig 9- METHOD OF CALC ATING RiGIOIT’ 
terial used in the connection at this point is not accom 
panied by a corresponding increase in load-cart ¢ 
ability 
Che drop in efficiency of the connection accompanying 
the use of lengths over six inches in the larger angles is 
explained by consideration of the type ulure pictured 
in Fig. 7 It is evident that at loads near the ultimate 
all portions of the top angle weld are not ntributing 
full value at the same time r) lit ca ccur 
only in extreme cases and is eliminated entirely if a1 
upper limit to top angle size be set at a ] t such that 
the largest beam used in a balanced design would require 
a top angle of length not in excess of six inch Che 
above considerations led to the establishment of at pper 
limit to top angle size of 3 by 3 by | 
Examination of the transverse deflectio1 urves of 
Figs. 3 and 4 reveals the fact that the deflections may be 
separated into two parts, that due to bending of the flange 

















and that due to yielding of the web. Such a division can 
be only approximate as no actual measurements of web 
deformations were made. 

Consideration of that portion of the deflection due to 
bending of the flange revealed that the transverse deflec- 
tion curves were very similar to the deflection curves of a 
simple cantilever uniformly loaded. A method of analy- 
sis proposed in an article by Gregor, appearing in 
Der Praktische Stahlhochbau, Band IV, 1932, and reviewed 
in La Soudre A L’Arc Electrique, was used with certain 
modifications. A portion of the column flange was as- 
sumed to act as a cantilever with its fixed end at the 
column web and loaded uniformly with the design load 
of the top angle. The dimensions of the cantilever were 
assumed as follows: width equal to the width of column 
flange, and length equal to one-half the length of the 
column flange. Since the top angle contributes to the 
stiffness of the cantilever, the depth of the cantilever 
was taken equal to the thickness of the column flange plus 
three-eighths the thickness of the top angle. A compari- 
son of computed and observed deflections is shown in 
Fig. 11. 

Examination of rolling tolerances led to the establish- 
ment of a maximum allowable edge deflection of the 
flange relative to the center of the flange of 0.1 inch. 
Substituting this value together with the design load of 
the 3 by 3 by ’7/s-inch top angle in the standard deflection 
equation for the free end of a cantilever provides the 
worst possible case with regard to flange deflection. For 
the following rotations we have: 


A = deflection in inches 
w = load in pounds per inch = 5100 in.-lb. 
, l F 
1 = length of cantilever = 5 flange width = 5 
1 2 
J = 19 bd 
b = flange width = F 
d = flange thickness + S top angle thickness = 
t + 0.328 
4 
A — — 
8 El 


F\* 
5100( ) 
) 
0.1 = > 


~ : 
8 & 30,000,000 x t F (t + 0.328) 








"7 ~~ | located at the point of attachment of the top ans 
a | XX] ee — Limiting of web stress at this point should make the c 
> X - ie Me: pete al nection amply safe. Computation of the web stress w 
\ 3«3+2 Top Angle be a treated as a bearing problem with a tensile force su 
a | \ by stituted for the bearing load. The total top angle desi 
as » load was considered to be distributed at 45° through t! 
D "a it 3.3=2 Top Angle flange into the web giving a stressed area equal to tl 
C ‘ web thickness times the length of leg of top angle w 
- a plus twice the flange thickness. For 
t = flange thickness 
| l’ = web thickness 
a | — r top angle load = pounds per inch of top ang 
. _ eed — ss sean ™ _ times length of top angle 
ae eae a ee f = length of leg of top angle weld 
Fic. |O- VARIATION IN RIGIDITY WITH LOAD F = flange width = top angle length, 
30 WELDING RESEARCH SUPPLEMENT OCTOBER 











ine 


| 
L 


ge Center | 


ative To Flan 


(thousandths of inch) 


\ 


| 
| 






Y 


Deflection of Flange Re 


FiG.11- COMPARISON OF OBSERVED AND COMPUTED 








—3»3+ 5 Top Angle 10”Lon 


Column Flange 10*« 0558 


FH 353* 3 Top Angle 10” Lona 


Column Flange 10°x0.558 


— RS a 





be be 


FLANGE DEFLECTIONS 


Solving this equation gives: 
F 
t + 0.328 


width to flange thickness. 


- S 18.4 as the limiting ratio of flanges 


Examination of a standar 


table of H and column sections shows that all are wel 
within this limit. That portion of the flange deflecti 
which was caused by bending is, therefore, negligible 
The portion of the deflection caused by yielding of t! 
web was confined to safe limits by limiting the web str 
at critical points. Observation of scaling of the whit 
wash showed that the seat angle at all times gave a bet 
ter distribution of load over the column flange and wel 


than the top angle. The 


critical point is, therefor 











P 
—— = 24 ()00* psi 
(f + 2t)7 a 


Substituting the load and dimensions of the 3 by 3 by ‘/s 
inch top angle gives a limiting ratio of flange width to 
web thickness of 


S 94.1 (0.437 + 2#) 


<amination of a large number of /7 and column sections 
wed all to be well within this limit. 


SUMMARY AND CONCLUSIONS 


The rigidity of welded top angle connections at de 
sion load increases with increase in angle thickness and is 


Allowable secondary stress 


well above the minimum allowable end restraint of fifty 
per cent. 

2. Practical consideration of economy, rigidity and 
safety limits the top angle size to a maximum of 3 by 3 by 
7/s inch. 

3. The flange deflections produced by the welded top 
angle connection may be separated into two parts, that 
due to flange bending and that due to web deformation. 
Che bending deflections may be computed by assuming a 
portion of the flange to act as a simply uniformly loaded 
cantilever. The web deformations may be held within 
reasonable limits by analyzing the web stresses in a 
manner similar to bearing stress computations 


4. The localized stresses and deformations produced 
by the welded top angle connections are of a negligible 
order of magnitude providing the upper limit of top angle 


size is not exceeded. If further assurance of this fact is 
required, one need only consider the fact that the column 
is always laterally supported at the connection. There 
fore, local stresses and deformations of the order pro- 
duced by the connection cannot possibly cause column 
failure under primary loading. 


A QUICK SHOP TEST FOR QUALITY 





ot Weld and Its Correlation with the 


By WILLIAM J. CONLEY? 


INCE the appearance of a fracture depends on the 
type of stress which caused the failure as influenced 
by the crystalline structure of the metal or alloy, 

a brief description of stress follows. Regardless of the 
kind of material or loading, there are only two stresses 
possible, namely, normal and tangential. The normal 
stress can be subdivided as tension and compression 
which are due to loads that tend to lengthen or shorten 
the loaded member in the direction of the load. Tangen 
tial or shear stress is produced when the load tends to 
slide the parts or portions of a member across each other 
[t is important to have these definitions in mind since 
all metals and alloys are crystalline in character having 
definite planes producing directional properties which 
cause them to react in a specific manner to a given type 
ol stress. 

In addition, these stresses are related as can be illus 
trated simply by Fig. 1. Figure 1 (a) shows a cylindrical 
piece in the grips of a testing machine subjected to an 
axial load tending to pull it apart lengthwise to produce 
tension in the section A-—B. Figure 1 (b) shows the 
section A—B with the tensile load LZ represented diagram 
matically. Suppose that the load is 10,000 Ib. and that 
the diameter of the piece A—B is 0.505 inches, the unit 
tensile stress produced at any point in a cross section 
such as 1—2 perpendicular to the direction of loading will 
be 10,000 Ib. divided by 0.2 sq. in. or 50,000 Ib. per sq 

The tendency to pull the piece apart at the section 


* Paper to be presented at Annual Meeting, A. W. S., Detroit, Mich 
ct. 16 to 21, 1938. Contribution to the Welding Research Committee 
t Professor Applied Mechanics, The University of Rochester 
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Standard Tests 
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l—2 produces an internal stress, between the atoms of 
the metal or alloy, of 50,000 Ib. per sq. ir 

Referring to Fig. 2 (a), the section A-B is represented 
with an analysis plane MN which is not perpendicular to 
the axis but at any angle with it In Fig. 2 (6) the two 
sections on each side of WN are imagined as separated, 
the internal reactions being designated as forces 7 and S 
T is the total internal tension while SS is the total internal 
shear, which shows that although the part A—B is loaded 
in tension, shear is present also. Mathematically it can 
be shown that the unit shear resulting from tension, called 
secondary shear, is a maximum in the direction at 45 
degrees to the length of A—B and equal to one-half the 
unit tensile stress. Thus, when a material is less than 
one-half as strong in shear as in tension it will start to 
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fail in shear even though it is loaded in tension. This 
action produces the familiar cup-cone fracture of low- 
carbon or structural steel when loaded to failure by a 
tensile force. The first failure occurs at the outside 
and works in along the sides of the cup or cone in shear, 
the final break occurring in tension across the flat. <A 
material which shows this type of fracture is called duc- 
tile. 

For materials having varying ductility there is a rela- 
tion between the length of the sides of the cup or cone 
and the area of the flat according to the relative values of 
these; the more shear area, the more ductile the metal 
As the ductility decreases, therefore, the fracture ap- 
proaches more and more a flat section perpendicular to 
the axis of the piece, until for a brittle alloy like cast- 
iron or hard steel the break is entirely flat. Unless the 
section A—B consists of material which is extremely brit 
tle it will tend to draw out along the length and reduce 
locally to some extent before the final failure straight 
across, being known as semi-ductile. A ductile material 
always fails in shear at about 45 degrees to the direction 
of the tensile loading, while a brittle substance fails in 
tension across a section perpendicular to the direction 
of the maximum tensile stress. The appearance of the 
fracture is typical of the failure, a shear producing a non- 
crystalline or silky effect, while the tension shows spots 
of reflected light, the number being inversely proportional 
to the grain size or crystal size. Conversely, when a 
material is loaded in shear, there are secondary tensile and 
However, in this case the inten- 
sity of these stresses is equal to the shear in planes at 45 
degrees to the direction of the primary shear. Thus, a 
brittle material which is weaker in tension than in shear 
will fail by tension when loaded in shear. With this 
brief description in mind it can be seen that much can be 
told about the quality of a metal or alloy by observing 
the fracture. In addition, the broken section will reveal 
internal defects, such as gas holes, included slag, lack of 
fusion and internal stress conditions resulting from over 
stressing or heat treatment. 

These facts have led the author to think critically 
about the standard tests so that during twenty years of 
experience the belief has grown that a simple nick-break 
test which can be performed in a few minutes by any one 
equipped with a hack-saw, hammer and vice will give 
much reliable information about the quality of a weld. 
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Fig. 3—Sketches of Different Types of Notched Impact Fractur: 


In other words, a crude impact test of the Izod ty; 
made on the weld-metal. When the details of this brea 
are studied it will be noticed that a piece which fractur 
easily and suddenly gives a flat coarsely crystalline sur 
face indicating brittleness and low tensile stre: 
One which breaks suddenly requiring greater fore: 
have a less coarse appearance with less brittleness. The 
failure of a ductile specimen will show a reduced c1 
section with silky sloping sides leading to the flat port 
and the blow required to produce rupture will be not 
ably greater. Of course, if the fracture is made ii 
weld material, as it can be, by locating the saw cut at that 
point, all the internal defects which may be present 
be shown. Figure 3 attempts to depict fractures rep: 
senting the conditions described above. 

To check these conclusions, steel plates 5 inches by 


inches were cut from the same inch thick strip 
structural stock. Pairs of these were then welded 
Table 2 
Maximum Rar 
No. of Tensile Stress Free-Bend Izod Impact iro! 
Specimen Lb. per Sq. In. Ductility Ft.-Lb Fra 
l 57,000 & H~) . 
2 04,000 2) 13 ) 
3 £2,000 l 3.5 9 
59,000 5 12 
5 68,000 2] 14 
6 73,000 53 
7 27,000 0 10 
Q 58,000 15 5.5 
Q 55,000 t 3.5 | 
LO 53,000 Do ll 
11 62,000 22 17 2 
12 61,700 Q 13 j 
13 51,400 3] () 
14 62,000 2 g | 
15 67,300 28 75 


Table 1—Welding Procedure 


Weld Rod Description Number of 
Number Plate Material ype of Weld Amperes Make No Size Coated Scarfed 3ead 
l Structural steel D.C. 200 A 7 Yes Both sides One 
2 Structural steel D.C 200 A 7 Yes 3oth sides One 
3 Structural steel D.C 200 A r Yes One side 
} Structural steel 
and 18-8 D.C 200 A 7 Yes Both sides [wo and o1 
5 Structural steel 
and 18-8 D.C 300 18-8 No 30th sides One 
6 Structural steel D.C 260 A 6 in Yes Both sides One 
7 Structural steel Oxy Swedish iron Both sides One 
S Structural steel A.C 160 B 65 in Yes Both sides One 
9 Structural steel D.C B 65 in Yes Soth sides One 
LO Structural steel Oxy No. 5 
tip Low carbon 6 nl No Both side Ont 
1] Structural steel a. 200 C One side rhree and 
12 Structural steel D.C 200 \ 85 in Yes One side rhree and 
13 Structural steel Reversed po 
larity D.C 250 A 5 » in Yes Both sides Ont 
14 Structural steel D.C 120 A 5 2 in Yes One side Four 
120 7 3 in [wo 
140 7 2 In One 
15 Structural steel UN te 250 A 7 ¢ in Yes { 
Number 13 was stress relieved. Number 15 was normalized, heated, quenched and drawn 
WELDING RESEARCH SUPPLEMENT OCTOBER 





Table 3 
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hop | hown 1 lab | 
Dif 6D? | supe;°rrci exam 
f k- Differ time f : , 
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Next typical Izod fractures of the weld-metal for each 
plate were arranged according to the quality as esti 
mated by visual examination without reference to th 
physical test results The specimens were then give \ 
numbers with | designating the piece judged to be of best 
quality and 10 that having the poorest propertic [1 ( 
1) } 
judging the fractures, consideration was giv to the 
amount of reduction of the section, the relative amount 
of shear area, the crystalline appearance, presence of 
slag, gas holes and lack of fusion These results were 
plotted on the sheet with the tensile and Izod values gi 
ing the chart shown as Plate | Che agreement betwee 
the form of these curves seemed to be so marked that it ) 
was decided to make another experiment on five welds 
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QUICK SHOP TEST FOR WELDS 








a freak weld heat treated in addition. Number 15 was 
made by a special procedure at the request of the author 
so as to be sure to have one weld showing internal de 
fects. To do this a single bead was laid down in the 
regular manner followed by another laid down relatively 
cold, the weld then being completed in the standard 
manner. However, this weld was normalized, heated, 
quenched and then drawn, producing a distinctly freak 
Thus, the heat treatment raised the strength of 
the sound part of the weld to allow it to perform well in 
spite of the considerable portion of poor bead making 
up the weld section. However, in the shop test the flaw 
showed to the eye and thus was responsible for the low 
rating of this weld. Leaving this specimen out of the 
analysis a very satisfactory correlation was obtained for 
the other four pieces as shown in Table 5. 


case 


Table 5 
Rank from Tests Rank- Difference 


Correlation in Per Cent 


lest and Letter 14 11 12 13 
J Izod ] 2 3 $ A-B 80 C-D 20 
B- Fracture* l 3 2 4 A-C 100 C-E 1) 
C Nick-Break l 2 3 4 A-D 20 C-F 80 
D Bend 2 3 $ ] A-E 60 C-G 80 
E Ductility 3 2 4 l A-F 80 D-E 80 
F rensile 2 l 3 4 A-G 80 D-F 40 
G Reduced Ten ] 3 2 4 B-C 80 D-G 4) 
B-D 40 E-F —20 
B-E 80 E-G 80 
B-F 40 F-G 4() 
B-G_ 100 


* Quick Shop Test. 


lables 3 and 6 show the results of the statistical analysis 
for the first group of ten welds and in turn for the com 
bined list of the first ten and numbers 11 through 14. 
Since the Izod impact test is a refined nick-break method, 


Table 6 

Rank 

Differ 

ence 

Corre- 

rest and Rank of Specimens from Tests lation 
Letter 14411 5126131 2410 7 8 9 38Per Cent 
W Izod i 238485 67 $9 10 11 12 18 13 W-X 9) 
X Fracture* 12 3 46 78 9518 14 10 11 12 W-Y 73 
Y Tensile 3'/. 31/22 5141281061114 7 913 W-Z 86 
Z Bend 2 3468 17 5910 14111218 X¥-Y & 
X-Z 78 
Y-Z 47 


* Quick Shop Test 








Table 7—Rank-Difference Correlation Per Cent 
Number of Cass 





Tests Correlated 10 ) j 
Izod-Fracture i3 10 Ri) 
Izod-Tensile 60) OH) Qi) 1 
Izod-Bend 87 0 20) 
Izod-Nick- Break 1) 100 
Fracture-Tensile 89 0 40) ; 
Fracture-Bend 81 Q() 4() 
Fracture-Nick-Break 70 QV) 
Tensile-Bend 64 10 40) 
Tensile-Nick-Break 30 gO) 
Bend-Nick-Break 60 20 


this was used as the criterion for each series. Tabk 
gives a summary of the different correlations in per 
centages. 
For the most reliable results at least twenty piec 
should have been used when applying the rank-differe: 
method of correlation. It is appreciated that exper 
ments of this kind are expensive both as to actual cost 
and time consumed so it is felt by the author that this set 
of fourteen is sufficient for the present purpose. Refer 
ring to Table 7, the Izod shop test, designated as t 
fracture method, gave a correlation of 10 per cent 
the five welds which included the unusual piece, 80 { 
the four regular cases, 73 for the first series of 10 and 
for the combined list of 14. The Izod-tensile values wer: 
90, 80, 60 and 73 showing that the Izod impact gives good 
correlation with the tensile. For the fourteen pieces 
the shop-tensile results were S84 per cent, giving math 
matical proof that the quick shop test is reliable for a 
practical purposes. Since the rating of the set of t 
samples was the first attempt on the part of the author 
it seems that extensive experience is not necessary to « 
tain satisfactory results. A series of fractures can b 
prepared for the individual shop to be rated and used 
a set of standards by means of which a person with rela 
tively little experience could successfully rate the weld 
This quick method offers a reliable check which can b: 
made inexpensively in any shop or on any job. It ha 
the added advantage of allowing the welder to observ: 
fractures of his welds so that he has a criterion by whic! 
to judge his technique for improvement of his work. 
The author expresses his appreciation of the coopera 
tion of many Rochester plants and individuals wh 
aided in obtaining and machining the welds, especial! 
Eastman Kodak Co., American Laundry Machinery C: 
Ritter Dental, Dolomite Marine and the Metal Welders 
Many thanks are due Mr. Pearse, instructor in Shop at 
the University of Rochester, and to Mr. Millard a gradu 
ate student who made many of the standard tests 








SETS OF BOUND VOLUMES OF JOURNAL 


In order to provide some of the new members of the Society with an opportunity to 
complete their library on Current Welding Literature, the AMERICAN WELDING 
SOCIETY is offering to these new members an opportunity to purchase the last six 
bound volumes for the years 1932, 1933, 1934, 1935, 1936, 1937, at $25.00 a set. 


price to non-members for individual volumes is $6.50 and for the set $30.00. 


The 


Each bound volume contains a Subject and Authors’ Index and is bound in attrac- 
tive imitation black leather covers. The set probably includes the most important 
welding information available in the literature. 
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WELDING ARCS FROM THE 


By C. G. SUITS! 





standpoint of Recent Investigations 


O much new knowledge about arcs has been gained 

in very recent years that it may be of value to 

bring some of this work to the attention of the 
\MERICAN WELDING Society in the hope that it may 
serve as a basis for more investigation along the line of 
the purely electrical and thermal aspects of the welding 
arc. It is a deplorable fact that the welding literature 
shows that little work is being done in this field which 
must be reckoned as of fundamental importance to the 
art. The very elementary state of popular knowledge 
of the are is well brought out by two papers which re 
cently appeared in a widely read welding journal, the 
information for which was up-to-date not later than the 
year 1923, and much of which was current knowledge 
before 1900. 

Recent investigations have shown not only many new 
facts about ares, and especially about welding arcs, such 
as a knowledge of the temperature of the arc gas, but 
they have served also to define the boundaries between 
fact and conjecture, so that much information which was 
formerly regarded as factual must now be designated 
with a question mark. For example, we have no direct 
means of measuring space potential and hence anode and 
cathode drops separately in any arc at atmospheric pres 
sure, and our only knowledge of these quantities comes 
by inference from studies of low-pressure discharges. 

Modern progress in this field started with the work of 
Compton in 1923, who laid the foundation for what was 
later to become the thermal theory of the arc. Comp 
ton'»* proposed that a process of thermal ionization de 
veloped earlier by Saha* could provide the quantitative 
basis for the fundamental process of current conduction 
in the are. Briefly this theory treats the ionization re 
action like a high temperature thermal equilibrium in 
which the components are, on one side of the equation, 
the neutral gas molecules, and, on the other side, the 
reaction products, which are the dissociated gas, the 
positive ions and electrons. Such reactions as reversible 
chemical processes have been much studied and are 
generally well understood. In the arc the heat of ioni 
zation becomes analogous to the heat of the chemical 
reaction and together with the temperature characterizes 
the equilibrium degree of reaction. Saha found that 
this thermodynamical treatment of ionization gave a 
quantitative explanation of many of the characteristics 
of stellar spectra. The first quantitative use of the 
theory was made by Langmuir and Kingdon,‘ who found 
that the ionization of caesium vapor on tungsten fila 
ments could be treated by this equation. The applica 
tion of this theory to arcs was a bold step, because it was 
entirely alien to the conduction mechanism which had 
become familiar from a study of low-pressure discharges. 


* Paper to be presented at Annual Meeting, A. W. § Detroit, Mich 
Oct. 16 to 21, 1938 Contribution to Fundamental Research Division of 
Welding Research Committee 

t Research Laboratory, General Electric Co., Schenectady, N. \ 
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One fundamental property of the low-pressure discharge 
is the absence of a thermal equilibrium. In well known 
cases the electrons in the discharge may have a true tem 
perature of the order of 30,000° in the presence of neutral 
gas at room temperatures. The absence of an adequat« 
mechanism for the transference of energy from the ele 
trons, which are accelerated by the electric field, to the 
neutral gas is accountable for this condition. On the 
other hand, the fundamental underlying a_ thermal 
ionization process is the concept ol the thermal equilib 
rium in which all components of the discharge have a 
true temperature which is the same temperature Direct 
evidence bearing on this point was not available at the 
time of Compton's work, but much later investigation 
has served to establish the thermal equilibrium as an 
essential characteristic of the high-pressure discharg« 
The most direct evidence on the question of thermal 
equilibrium comes from the work of, Ornstein and his 
students,” who have for this purpose studied the ar 
spectra. Their method is to measure the relative inten 
sities in the spectral series and to calculate from know: 
atomic constants what relative intensities would be ex 
pected if the energy levels corresponding to the ob 
served lines were excited in a process of thermal equi 
librium. In the case of a great many arcs studied 1 
this way their results show that within the errors of 
measurement a thermal equilibrium exists throughout the 
energy levels in question. It may be argued that the 
equilibrium only exists for the particular energy levels 
in question, but when it is considered that this equilib 
rium excitation is found not only for the lines of a band 
but also in the band heads in a sequence and the electron 
lines (in the Balmer spectrum of hydrogen), this argu 
ment loses much weight. Further evidence on the qui 
tion of thermal equilibrium is found in the work of Mam 
kopff* and Witte,’ which will not be discussed in detail 
Che idea of a thermal equilibrium underlies much later 
arc investigation and has provided a sound foundatior 
for the application of the thermal ionization equatior 

In view of this work it is surprising to find in the weld 
ing journal above mentioned the following statement 

in the arc) All modern knowledge shows that ordinary 
concepts of ‘temperature’ are here quite meaningless 
It would be more accurate to say that in few physical 
phenomena is the concept of temperature so well illus 
trated. 


THERMAL CONCEPTS IN THE ARC 


At the time of Compton’s work are temperatures had 
not been measured, but many researches since then have 
given reliable values for the temperature in the core ot 
the arc. These values lie between 4000° K. and 7000” K 
and are a good deal higher than the speculative values 
that are found in the older literature These tempera 
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where / is the current density (amps. cm.~*) and F 

electric gradient (volts cm. and A has the va 
2.43 10" in air or nitrogen. Measurements of E wi 
made for the case of a heavily coated electrode (V 


and a bare electrode (type L) with the result 


a RS 
k 3] 


‘cm 
'cm 


Current density 7 was obtained by the measurement 
arc diameter D from high speed motion pictures as 


[ = 
0.78 D 
with the result that 
Dé tSO (A cm 
l S90 (A cm 


From these values and for sound velocity temperatur 


measurements of 7 6000" K., we find 
3 volts 
|’ 9 0 volts, 


which can be compared to the ionization potential of ir 
of 7.83 volts. We may conclude from this that wher« 
the low current ares in air between refractory electrod¢ 
are substantially free of metal vapor and depend up 
the ionization of No and Os for conduction electrons, th: 
welding arc is a metal vapor discharge with Ve but 
slightly higher than that of iron itself. It is interestir 
to calculate what arc temperature would be required t 
account for the observed current density and gradient 
in an are in air, were it free from metal vapor. By usir 
Fk and J above, we find in this way 7 9500° K 
which can be compared to the measured temperatur 
6000° K 


GRADIENTS AND POTENTIAL DISTRIBUTION 


It would be very useful to have available potential di 
tribution data for welding arcs in a variety of experi 
mental conditions, and this fact has been apparent t 
great many workers. 

For the purpose of obtaining analogous data in the low 
pressure discharge the probe method of Langmuir ha 
the value. Many investigators 

‘s*)'4 have applied the method and the interpretatio1 
Langmuir to the arc at atmospheric pressure. Unfor 
tunately the results obtained at high pressure are all sub 
ject to serious fundamental errors which arise from th« 
fact that at high pressure the conduction to the probs 
takes place through an electrical sheath and a relatively 
large thermal sheath. Under these conditions there is 1 
way of determining at present the space potential or ele« 
tron temperature from electrical measurements on the 
probe his has been realized by physicists for som« 
time and was thoroughly investigated by Mason,” 
whose conclusion is, ““The probe measurements of pr 


been of greatest 


vious investigators of high-pressure arcs must be cot 
sidered as of little value In spite of this fact, prob 
measurements on the high-pressure arc continue to ap 
pear in the literature.’™ 

Chis criticism should not be construed to be a dis 
couragement of further investigations of possible means 
of interpreting high-pressure probe measurements, sinc¢ 
a satisfactory treatment is to be hoped for as an ultimate 
development. But the errors of a literal interpretation 
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should be evident 
error in estimating 
characteristic is es 


f the high-pressure measurement 
from Mason’s investigation. rhe 
the space potential from the probe 
timated to be of the order of 8 volts. This is not serious 
in the high-voltage arc in a circuit breaker, but in the 
low-voltage welding arc the uncertainty of measurement 
becomes greater than the quantity being measured 

Although probe measurements of potential distribution 
und electron temperature cannot be interpreted at pres 
ent, the determination of electric gradient can be made 
without difficulty. A comprehensive set of such mea 
surements for a range of experimental conditions in the 
welding arc is much to be desired 


ANODE, CATHODE AND POSITIVE COLUMN 


If a potential distribution curve were available for the 
high-pressure arc, it might show, as at low pressure, a 
steep gradient near each electrode and a region of low 
gradient of constant magnitude in the interelectrode 
space. That this region of constant gradient exists is 
shown from a plot of total are voltage e as a function of 
are length, as given by Fig. | In this region of con 
stant gradient, # de/dl, the space charge is zero, by 
Poisson's equation, and we havea positive column analo 
gous in this respect to the low-pressure arc 

When the e-/ curve is traced out for short arcs, it is 
found that for lengths less than 3 mm. # becomes greater 
with decreasing length until, just prior to short-circuiting 
the electrodes, e drops to zero suddenly. This minimum 
arc voltage may be the cathode drop, the anode drop, or 
the sum of the two. That it is concentrated im a very 
confined region is certain from some experiments which 
were performed in this laboratory by Mr. Paul Darby 
In these experiments a driven electrode was moved very 
slowly toward a stationary electrode while the arc vol 
tage excursion was observed on the cathode ray oscillo 
graph screen. In order to provide a well-defined elec 
trode surface the experiment was performed with point 
to-plane copper electrodes in nitrogen of 99°) purity and 
with incandescent tungsten electrodes in pure hydrogen 
With the highest sweep speed available on the oscillo 
graph the change in are voltage always took place sud 
denly, i.e., discontinuously on the screen. From the 
mechanical constants and an estimated time resolution of 
the oscillograph the minimum arc voltage (m.a.v.) was 
found to be confined to an electrode separation of less 
than 10°-*cms. In low-pressure ares the cathode region 
has a thickness of about one mean free path. If this is 
the case at atmospheric pressure, this region would have a 
thickness of .S 1O-> cm. in nitrogen and .6 X 10 cm 
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in hydrogen. The m.a.v. lies in the range ¢—-2 It 
and depends upon current and electrode c 


Che positive column of the high 























































Hig yressure arc Nas Ire 


ceived the most study, and its fundamental propertic 
are well understood. It has been found from studies 
of arcs in gases under pressure’ that the duction and 
convection'® heat transfer properties of the medium de 


( 
vradi nt /& and 


termine the steady state electri the cur 
rent density / Thus, in a series of gases at the same 
pressure E increases with heat transfer, a hown by 


Table 2, where the positive column gra lient is given for 
some representative 


gases 


Table 2 
Gradient # for Various Gast : \ 
Ga 
Hg 
\ 
N 
He 
H 
Che gradient and heat transfer increase with pressur 


in each gas, as illustrated by th LS troge! 
lable 3 
Table 3 
Gradient-Pre« ire for Nitros \ 
“_ 
- 
Finally, from the conduction equat nekk, the 

ionization equation , and from the Nusselt equati 
for the conduction and convecti heat flow, the gradient 


current characteristic is calculat« 


|: 

which agrees with experiment W irrent metal 
vapol free arcs [he exponent } ilculated tor <« 
stants of the Nusselt equation, is in good agreement with 
measured values of 7 6, which ld low current 
ares in air, Ne and CO This equa btained « 
the assumption of a constant arc temp lep 
dent of current Experimental we find that the 
temperature shows a very small dependenc: urrent 

[he important electrical properti pressurt 
are are thus accounted for satisfactorily by a considera 
tion of the heat transfer properti f the ga Measurt 
ments show that in the welding are the gradient £& 3 
practically independent of current through a considerabl 
range of current, and it has been suggested that the 
--i characteristic is actually positive at very high cur- 
rents. If more careful measurements bear out these ob 
servations, it will be in order to exarnine t fundamental 
relationships upon which rests to discover the sources 
of a positive characteristu When the pr sure and the 
temperature difference are constant, the Nusselt equa 
tion for conduction and convection heat flow takes the 
form 

W D 

where W is the heat loss in watts cn length of evlindert 
of diameter D. In order for the exponent nm of (3) to be 











zero, 1.e., H = constant, it is required that m = 2. The 
exponent m for solid bodies lies in the range .3-.8, and 
for these cases the arc E-1 characteristic must always be 
negative. It is difficult, therefore, to reconcile a con- 
stant gradient of the welding arc with the theory of the 
low current arc. The explanation of a constant gradient 
may lie in the variation of the metal vapor concentration 
which is assumed constant by the theory. The variation 
of the effective ionization potential of the arc gas from 
the value of 15 volts found at low current to the 9 volts 
in the high current welding arc is, of course, a very im 
portant factor. Measurements of the electrical proper- 
ties of the welding arc must be interpreted with care be 
cause of the nature of the experimental difficulties. The 
fact that the are current is conducted through a molten 
globule of iron with a resistivity much increased by tem 
perature may be sufficient to account for the positive 
characteristic at very high currents suggested by v. Con 
rady. A calculation on the basis of an extrapolated value 
of the temperature variation of resistivity of iron shows 
that at its melting point a small droplet of iron could in- 
deed account for a potential drop of from one to three 
volts at high current. This quantity may be doubled, 
because the conduction takes place through molten iron 
at both electrodes, to obtain a value of 2—6 volts, which 
is not at all negligible in the low voltage welding arc. A 
“residual”’ voltage of from 1 to 4 volts is observed mo- 
mentarily upon short-circuiting the electrodes at high 
current 


CATHODE PHENOMENA 


Much speculation and some experimentation have been 
directed to the problem of the source of electrons at the 
are cathode. Compton*® showed that in the case of the 
hydrogen arc experiments of Mackay and Ferguson” 
thermionic emission at the melting point of the tungsten 
cathode was a sufficient source of the observed cathode 
current density. The same is likely in the case of the 
cathode of the carbon arc, especially when a core is used. 
In the case of electrodes of copper, iron and mercury, 
however, thermionic electron emission seems to be ruled 
out definitely. None of these materials can supply suf- 
ficient thermionic emission at its melting point to explain 
the known high cathode current densities in these metals. 
[t is possible that thermionic emission from the oxides of 
these metals may be supplying electrons in the arc. For 
theoretical reasons this appears unlikely. Some experi- 
ments with iron, performed in this laboratory some time 
ago by Mr. E. F. Hennelly, showed that at least with this 
material the therm.onic emission from the oxide or the 
iron is wholly negligible as a source of electron emission 
in the arc. In these experiments the peak emission was 


observed as filaments of pure iron and oxidized iron w 
heated in a vacuum through the melting point. 
thermionic emission was measurable, but was much 
small to contribute significantly to arc current densit 
for either pure or oxidized iron. 

Field emission” due to the cathode concentratio 
potential is a possible source of electrons in the cass 
a non-thermionic cathode and appears to be the m 
likely source in some cases, especially clean mercu 
Some recent experiments*! point to the ‘‘oxide lay 
effect,’’ which has been studied*™»’ in connection y 
glow discharges as a likely mechanism of emission in t 
atmospheric arc. In this process the high fields nec 
sary for emission are produced by the surface charge o1 
very thin oxide film on the cathode surface. 

In the absence of oxygen we have found it impossibk 
to establish a steady state arc between electrodes of coy 
per, silver or iron in the 100 volt-50 ampere range. Sta 
bility is achieved in a striking manner by oxidation of th: 
cathode, however. It is well known that it is difficult 
impossible to establish a welding arc between a clea 
oxide-free iron welding rod and a clean steel plate. [1 
this case stability can be obtained, however, by r 
peatedly striking the unstable discharge until an oxid 
layer is deposited on the surface. It is for this reaso1 
that “‘bare’’ iron welding electrodes are not bare. Th 
thin oxide film with which they are coated is very im 
portant from the standpoint of arc stability. Thi 
“oxide layer effect’’ is thus of fundamental importance: 
in the welding arc. 
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STUDIES OF THE SPOT WELDING 








ot Low Carbon 


By WENDELL F. HESS, D.Eng.' and ROBERT L. RINGER, 


INTRODUCTION 


HIS paper is in the nature of a progress report on 

the program of resistance welding research sponsored 

by the Welding Research Committee of Engineering 
foundation, at the Rensselaer Polytechnic Institute 
welding laboratory. The advance program of this re 
search was published in the March 1938 Supplement to 
[HE WELDING JOURNAL. 

As outlined in Part 1 of this program, about three 
months of the time of the research fellow was spent in 
searching the literature to find out what was known about 
the subject. This will be made the subject of a later 
report. On the whole, the literature is qualitative and 
informational, rather than quantitative and scientific 
Also it is difficult to find much agreement among pub 
lished data. This is to be expected since so much of the 
information published is presented with one or mort 
pertinent facts omitted. Currents may not be given, 
and instead kva., often only transformer capacity, is 
substituted. Another factor frequently omitted is the 
exact size of the electrode faces in contact with the sheets, 
and without which current and electrode pressure are 
almost meaningless. 

In order to completely specify a weld, so that it may be 
reproduced by others, the following information should 
be given 


|. Material welded. 


(a) Analysis 
(d) Chickness 
(c) Surface finish 
2. Current. Actual effective secondary amperes 


during welding. 

4. Pressure. Total electrode pressure in pounds is 
preferable since it ties up with a fundamental 
limitation of machine capacity. 

t. Size of electrode in contact with sheets. Diameter 
is sufficient if circular, otherwise the area should 
be specified. This is very essential since unit 
pressure and current per unit area bear impor 
tant relation to the quality of the resulting weld 

o. Time. This may be expressed in cycles if the 
frequency of the alternating current source is 
also specified. If the welding is by direct cur 
rent using condenser or magnetic field dis 
charge, the time constant of the circuit must be 
stated. 


Other factors that may play a part in properly specify 
ing a weld are: the time of dwell of electrode pressure, 
after the current has been cut off, and the inertia of the 


* Paper to be presented at Annual Meeting, A. W. $ Detroit, Mich 
Oct. 16 to 21, 1938 Contribution to Fundamental and Industrial Research 
Divisions of Welding Research Committee 

t Assistant Professor, Department of Metallurgy, Rensselaer Polytechnic 
Institute, Troy, New York 

t Research Fellow, Department of Metallurgy, Rensselaer Polytechnix 
Institute, Troy, New York 
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the edge of the weld. The strongest welds in thin ma 
terials usually fail in the latter manner. The objection 
to this type of test lies in the fact that the stress concen 
tration and the necessary eccentricity of loading cause 
distortion of the pieces so that pure shear is never ob 
tained. It also seems necessary to set up arbitrary 
standards as to length and width of test specimens as 
well as location of the spot in order to insure reproduci 
bility of results. 
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Fig. l—Arrangement of Oscillograph Connections for Measurement of 
Contact Resistances 


Che chief advantages of this type of test are the sim 
plicity of preparation of the specimen and of making the 
test. The eccentricity involved in making this test may 
not be too serious a disadvantage since such eccentricity 
usually occurs in an actual structure. 

Other advantages are the availability of tension testing 
equipment, the fact that much data of this type is al 
ready at hand, and the fact that the result is expressed in 
units which closely approach the needs of the designer. 

3. Tension.—Pure tension at right angles to the plane 
of the welded sheets is extremely difficult, if not impossi 
ble, to obtain. Attempts to realize this condition in 
practice almost always result in what is more of a peeling 
type of test with resultant stress concentration at the 
edges of the spot. Very low values can be expected if 
the yield strength of the material is high compared to its 
cohesive strength. If the yield strength is low, the 
stress concentration will be greatly reduced and the re 
sults may show comparatively high values. 

As at present used this type of test may tend to peel 
the weld apart from four directions or from two. In the 
former case with high yield strength, there is an ap- 
proach to three-dimensional stress conditions which is 
likely to give rise to an apparent brittleness in an other 
wise tough and ductile material. 

t. Microscopic Examination.—Our experience has 
shown that examining under a microscope a polished and 
etched cross section of a spot weld gives very definite 
indication as to whether the weld was made under the 
best possible conditions. Too little energy, sufficient 
energy and too much energy, all leave their character 
istic indications. The depth of penetration of the fused 
weld is closely related to maximum physical properties. 
From forty to seventy per cent penetration is likely to be 
associated with the best properties. 

loo little energy is evidenced by a small nugget of less 
than normal penetration, by no nugget at all or by a non- 
columnar structure. Too much energy is indicated by 
excessive penetration, banding, cavitation, expulsion of 
metal, serious indentation, cracks and grain coarsening. 

Probably the most important service condition to 
which a spot weld is subject is that due to the tendency 
of the load to buckle the sheet between welds, which fre 
quently exists in a structure where two sheets are spot 
welded together at several points in line, or where a sheet 
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is welded to a stiffening member. In this case ther 
combined shear and tension at the edge of the w 
Failure occurs either due to localized diagonal shy 
through the sheet at the edge of the weld, or by tear 
through the weld itself starting with tensional stress ; 
centration at the tip of the weld. This type of st: 
would occur in service in railroad rolling stock, and a 
craft structures. Failures may be of the fatigue type, 
even in some cases under initial application of loa 
There is no satisfactory test yet devised to simulate t! 
condition. Two other types of tests are also needed 
first, a satisfactory impact test; and second, a 1 
destructive test. 

The tests selected for evaluating welds made during 
the course of this investigation were: first, the shear test 
or tension on a lap weld; and second, microscopic « 
amination. For various pressures, times and electroc 
sizes, the currents required to give the best welds wer 
evaluated by these means. 


ELECTRODES 


The electrode material used so far in this investigati 
is a copper alloy of approximately SO Rockwell B hard 
ness, 85 per cent electrical conductivity and yield point oi 





Fig. 2—Manganin Shunt Inserted in Electrode Holder with Potentia 
Connections in Place and Potential Connections to Sheets and Electrode 


60,000 psi. We have used electrode face diameters o! 
'/g inch and '/, inch. Plans are under way to use ele 
trodes of higher hardness and lower electrical condu 
tivity. Our purpose in doing this is to determin 
whether the sacrifice of electrical conductivity, whic! 
ordinarily accompanies greater hardness, has any und 
sirable consequences. The desire for greater hardness i 
based on our experience with stainless steel in whicl 
definite and worth while improvements in quality r 
sulted from the use of unit pressures of 50,000 psi, whic! 
is too close to the yield point of the material which w: 
used. We also worked at 65,000 psi, with still further 
improvement, but we have not yet had the opportunit) 
of working with an electrode which will not deform to: 
readily at this pressure. With 0.029 inch annealed and 
pickled mild steel, an electrode pressure of 16,000 psi 
gave very good results. 

With regard to electrode shape we began by using 
dome shaped tips with four inch radius spherical surfaces 
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but soon found that these flattened and kept changing 
rea as the experimental conditions of pressure and cur- 
rent were varied. Thereafter the practice of machining 
flat faces of the required diameter with 30 degree sloping 
sides was adopted, with marked improvement. After 
machining, the tips are placed in the holders and then 
iligned by bringing the electrodes together to a snug fit 
ivainst a fine, thin, flat tungsten file, which is worked 
around to bring the surfaces into exact alignment, with 
great care to avoid rounding the edges. A simple but 
very effective test for the alignment of electrodes is to 
take a piece of the material which is to be welded and 
wrap a sheet of paper around it, after which the elec- 
trodes are brought down in contact with the paper under 
pressure. If the electrodes are in perfect alignment, the 
uniformity of pressure over the surface will be indicated 
by a perfectly circular impression which is more trans 
lucent than the rest of the paper. Experience showed us 
that it is not possible to obtain consistent results by any 
sort of hand dressing of the electrode tips when they lose 
their shape due to too high pressure or too heavy current. 

At this point it seems proper to state that, contrary to 
popular belief, serious and undesirable indentation of the 
electrode into the sheet is not due primarily to high pres 
sure but to an excessive application of energy. Even 
with very high pressures, very little indentation resulted 
in the maximum strength welds where the current was 
just sufficient to give a good sized nugget of forty to 
seventy per cent penetration, and not sufficient to cause 
expulsion of metal. 


CONTACT RESISTANCES 


We were let to set aside, for the time being at least, 
that portion of our program which planned a simple di 
rect current measurement of contact resistances, first at 


room temperatures and then at elevated temperatures, 
by the knowledge that Dr. Frank J. Studert7 had become 
interested in and possessed facilities for experimental 
work along these lines. 

When preliminary measurements showed that oscillo 
graphic determination was feasible, we proceeded to this 
method of attack. The oscillographic measurements 
should be made under conditions which would include 





those which gave the best possible welds. Hence, a large 
amount of preliminary work was necessary to establish 
optimum conditions of time. 


current, pressure and 
These preliminary studies were undertal 


choosing 


from experience definite values of time, selecti several 
pressures, and gradually increa the current undet 
each of the above conditions up to and bey 1 the value 
which would give a weld of maximum strength Phe 
times in each case were fixed by a thyratron control 
equipment using ignitrons in the primary leads to the 
welding transformer! Pressures were applied by a regu 
lated air cushion, indicated by a gage which was cali 
brated in terms of actual pressure at the electrodes by a 
lever system and platform scak For the quarter inch 
welds, the dwell time of the electrode pressure after the 
cutting off of the current was adjusted to be 100 per cent 
of the weld time, except in the case of the cycle weld 
in annealed mild steel, when the dwell was reduced t 

per cent 

The different values of current for the preliminar 

tests were determined by careful adjustment of the 
primary voltage given by a motor-generator set, by 
changing taps and connections on a transformer in the 
welding machine, and finally by phase control of the firing 
of the ignitron tubes in the thyratron control equipment 
Four welds were made at each of nin ilu f current 
for physical tests to establish optimum currents for each 
of the possible combinations of three times and three 
pressures. Two different siz | electrode, of one type 
of material were used on one thickness of annealed and 
pickled mild steel, and one thickness of polished 18-8 
stainless steel This data awaits translation of the arbi 


trary settings of current to actual amperes before it « 
be published, which involves a large amount of oscillo 
graphic work, unless a satisfactory ‘and pler method 
of current measurement can be used Ot course the 
oscillographic work will tell a much more compl 
story, so that the additional time will be partly compet 
sated for by the value of additional dat 

Che method of measuring the current to be used in thi 
determination of contact resistance was to use a cali 


brated electromagnetic oscillograph to measure the drop 
in potential across a manga 

diagrammatic sketch of the arrangement of the shunt a1 
of the potential connections for determinins 1eet-to 


nin shunt Figure 1 shows a 
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ig. 6—Electrode-to-Sheet Contact Resistances 
for '/,-Inch Spot Welds 


used is illustrated by the photograph in Fig. 2. The 
shunt consists of a hollow cylinder of manganin silver- 
soldered into the water-cooled electrode holder. Po- 
tential connections are the usual wedge type commonly 
applied for the precise determination of low resistances 
in the Kelvin Double bridge. The resistivity was de 
termined with the manganin in the form of a hollow cyl 
inder about six inches long in the Kelvin Double bridge 
Calculation shows that the skin effect of this bar is negli 
gible. 

The contact resistances were calculated from measure 
ments of peak current and peak voltage at each half 
cycle on oscillograms made with a calibrated electromag 
netic oscillograph and a calibrated shunt for the current 
measurement. 

In the present paper we are including contact resis 
tance data for '/s-and '/4-inch spot welds in 0.028-inch 
polished stainless steel made in six cycles with an elec 
trode pressure of approximately 50,000 psi. Figures 3and 
1 show these contact resistances between sheets expressed 
as a function of time during the making of the weld for 
various currents. These resistances are so measured 
that they include the resistance of one sheet. Due to the 
absence of complete knowledge of the behavior of this 
material up and through the melting point, it is not pos 
sible to make an accurate correction for this resistance 
However, calculations show that it is of the order of the 
resistance shown, indicating that contact resistance be 
tween polished sheets of this material must be very low 

Reference to Fig. 3 shows that for currents of the order 
of 4400 amperes which gave the strongest weld, the resis 
tance drops about thirty per cent from its initial peak 
value during the making of a weld. This is probably due 
to the gradual formation of more intimate contact due to 
softening and gradual growth in size of the fused portion 
of the weld. 4800 amperes was considerably too high a 
current for this weld as evidenced by expulsion of metal 
during welding, serious indentation and loss of strength 
3800 amperes differed from the best value only in the 
size of the resultant spot, which was slightly smaller 
2200 amperes gave a weld of about seventy per cent 
maximum strength and thirty per cent penetration. This 
latter curve indicates an interesting general tendency for 


Fig. 7—Tensile Strength on Single Spot Lap 
Welds as a Function of Current for ! 


Spot Welds 


Fig. 8&—Tensile Strength on Single Spot Lap 
Welds as a Function of Current for '/;-Inch 


Spot Welds 


a-Inch 


tendency of the resistance of the material and probably 
the contact resistance to rise with temperature; and 
second, the tendency of this latter resistance to disappear 
as the weld becomes larger and the contact becomes mor 
intimate. All of the curves in Fig. 4 exhibit this ten 
dency to rise at first and then fall. Figure 4 shows some 
further interesting tendencies, namely, the tendency of 
higher currents to build up the fused portion and thus re 

duce the contact resistance earlier in the weld period 
For example, the 8900-ampere weld seems to build up its 
full-sized nugget in about five cycles; the 10,000 ampere 
weld, in about three cycles; the 11,200 ampere weld, in 
about two cycles. Another tendency exhibited by thx 
11,200-ampere weld is a sharp falling off in resistance dur 

ing the last one and a half cycles due to serious indenta 
tion resulting in this case in a reduction to approximately 
the thickness of one sheet. All three welds made with 
currents higher than 8900 amperes suffered a loss of metal 
by squirting and a consequent reduction in strength 
The 6200-ampere current did not result in a completely 
fused weld and had a strength of about half that of the 
best weld. Notice that these curves show that to make 
the best weld with equal unit pressures a current of 4400 
amperes is required for the '/s-inch spot, and 8900 am 

peres for the '/,-inch spot, showing that the current varies 
with the diameter, which in this case has a ratio of two 
to one, and not as the area which varies in the ratio of 
four to one. In other words, the current densities aré 
inversely proportional to the diameters. 

Figures 5 and 6 show the electrode-to-sheet contact 
resistances for the same conditions as Figs. 3 and 4, 1 
spectively. These contact resistances are much lower 
than the sheet-to-sheet resistances, and seem to remait) 
nearly constant during the weld cycle, except for a ten 
dency to drop at the start, due to more intimate contact 
The drop in resistance during the last part of the 11,200- 
ampere weld corresponds with the similar drop in the 
sheet-to-sheet resistance for this current, and is probably 
due to the burying of the electrode into the sheet which 


took place 


OPTIMUM CURRENTS 


curves oi this type to rise initially before falling off. This In order to determine the optimum conditions of cur 
is no doubt due to two opposing tendencies: first, a rent, pressure and time for '/s-inch and '/,-inch welds in 
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Fig. 9—Initial Stages in the Development of a Spot Weld in 0.028-Inch 
Polished 18-8 Stainless Stee 
A surface Sticking and Incipient Fusion at 
Surface Sticking at 500 X 


ncipient Fusion at § 


0.028 inch polished 18-8 stainless steel, times of 2, 6 and 
10 cycles were chosen. Unit pressures of 50,000, 50,000 
and 65,000 psi were found to give increasingly stronger 
welds. An electrode pressure of 50,000 psi was about the 
maximum which could be satisfactorily used with the 
electrode material which was available, which had a yield 
point of about 60,000 psi 

Figures 7 and 8 show the tensile strength of single spot 
lap welds as a function of current in 0.028 inch polished 
18-8 stainless steel, using a unit electrode pressure ot 
53,000 psi, for '/s-inch and '/,-inch spot welds, respec 
tively. Notice that the strength rises smoothly with the 
current and then falls off in an erratic manner when a 
value of current is reached which causes metal to be ex 
pelled from the weld. Lower pressures permit the ex- 
pulsion of metal to take place at lower values of current, 
with the result that it is not possible to reach such high 
strengths. When squirting of metal occurs, cavitation, 
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serious indentation, and lowered strength follow as a con 
It will be noted that by doubling the diame 
ter of the weld and using the same unit electrode pres 
sure, it was possible to double the current without squirt 


ing and the resulting weld was fifty per 


sequence, 


cent stronget 


MICROSCOPIC EXAMINATION 


rhroughout the course of the preliminary studies to 
establish optimum conditions of current at the various 
pressures and with various timing, samples were taken 
for microscopic examination. This was done for both 
mild and stainless steel welds and showed some very in 
teresting correlation with the physical tests. It 
helped to show, for example, that 30,000 psi was insuf 
ficient for the welds in 0.028-inch polished stainless steel 
As a general tendency it showed that for maximum 
strength, the penetration of the fused portion varied 
from about 40 to 70% with a tendency for the best !/, 
inch welds to have the lower penetration and the best 
'/s-inch welds to have the higher penetration. In this re 
spect the welds in the mild steel and stainless steel seemed 
to have the same tendencies. The best welds always ex 
hibited regular, clean, columnar structures and showed 
only slight indentation and no cavitation. Welds with 
either insufficient or excessive energy showed a number of 
interesting tendencies which will be discussed in conne« 


als ) 


tion with the accompanying microphotographs. We 
shall first present a number of picturse showing the vari 
ous steps in the development of stainless steel spot welds, 
including evidence of insufficient and more than suffi 
cient current 

Photograph A of Fig. 9 shows the initial stages in the 
development of a spot weld at 32 Over most of the 


area of contact there is merely surface sticking, which is 
shown at 500 in Bof Fig.9. To the right of the center 
of A is a darker area which is shown in C of Fig. 9, at 
500. This area shows incipient fusion along the line 
of contact. 

A of Fig. 10, at 32 third stage in the de 
the production of a 
having ragged edges, 


, shows the 


velopment of a spot weld, which 
nugget 


non-columnar 





Fig. 10—Further Stages in the Development of a Spot Weld in 0.028-Inch 
Polished 18-8 Stainless Steel 


A Third Stage Non olumna >. 





incipient fusion along grain boundaries. It is probable 
that this structure is due to raising the metal into the 
narrow temperature range where it is pasty, between the 
solid and the liquid state. This weld was made with 
about 32,000 psi of electrode pressure and represents the 
strongest weld that could be made at this pressure with- 
out squirting of metal. Its strength was about two- 
thirds that which could be obtained in the same time of 
two cycles by increasing the pressure to 50,000 psi. B 
of Fig. 10 shows the result of additional energy which 
produced a large cavity due to the expulsion of metal 
during welding. 

A, B and C of Fig. 11 show a series of stages from too 
little to too much current. A again shows the non-colum- 
nar structure which had a strength of about 75% of that 
of B. Notice that in the center of this weld a very small 
portion of the columnar structure has formed. B shows 
a weld of maximum strength for these conditions, which, 
in this case, were two cycles and 65,000 psi electrode pres- 
sure. Notice the very slight indentation in spite of the 
enormous pressure. ‘This is a general tendency shown 
throughout the work, that the best welds made with just 
sufficient energy do not have serious indentation even 
with high pressure.. C shows the result of an excessive 
amount of energy; large central cavitation, serious in- 
dentation and cracking in the unfused sheet due to the 
severity of the contraction following the expulsion of 
metal. Notice at least three small grains at the edge of 




















Fig. 1l—Series of Stages in the Development of a Spot Weld in 0.028-Inch 
Polished 18-8 Stainless Steel at 32X 


A Too Little Current Columner Structure Commencing to Form at enter of Large 
Non-Columnar Weld 
Weld of Maximum Strength 
Excessive srrent Resulting in Cavitation ndentation, and Tearing >t rains in 
Sheet 
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Fig. 12—Series Showing Effects of Too Much Energy in a Spot Weld ir 
0.028-Inch Polished 18-8 Stainless Steel at 32X 


A Cavitation, Banding, and Indentation 
S B Trail of Metal Expelled from Weld 
ry Pronounced Banding in 10 Cycle Weld 





the fused zone which have been torn loose and have falle: 
out in the preparation of the specimen. 

A and B of Fig. 12 show two photographs of a weld 
made in six cycles with an excessive amount of energy 
Notice the large central cavity in A and the trail of 
squirted metal in B. Notice another evidence of exces 
sive energy found in welds made in more than two cycles, 
namely the banding near the surface of the fused weld 
C shows this latter tendency to a much greater degre: 
and was taken of a weld made in ten cycles. In all ou 
experience so far, we have not observed banding in weld 
made with just sufficient energy. When banding is ex 
hibited the columnar structure is always more pro 
nounced near the center of the weld where the metal has 
solidified more slowly. 

A, B and C of Fig. 13 show a series of stages in the de 
velopment of a spot weld using '/,-inch electrodes. Thes« 
stages proceed from incipient fusion along the line of con 
tact and around the grain boundaries, at the interface be 
tween sheets, to the completely fused maximum strength 
weld shown in C. Note the rather large incipient fusion 
zone in B, with only a very thin columnar portion along 
the center of the weld. This incipient fusion zone still 
persists at the end of the weld in C. Weld C was mad 
in six cycles, at 50,000 psi electrode pressure, and shows 
good clean columnar structure. 

A of Fig. 14 shows a beautiful section of columnar 
structure of a weld made in two cycles at 32,000 psi 
rhis weld is really shown because of its interesting struc 
ture. The central portion of this weld was seriously in 
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partial. C of Fig. 15 shows a very tiny nugget sur 
rounded by very pronounced zones, the first of which 
shows incipient fusion which is more pronounced around 
grain boundaries near the ends of the ugget Chis 
zone is surrounded by a large zone of complete transfor 
mation, outside of which appears the partial tra 
tion zone. 

A and B of Fig. 16 give evidence of the character of the 


intermediate zone. Notice in A that the intermediate 
zone has been extruded into the space between the sheets, 
forcing them apart Also notice that the outer zone has 
not moved This indicates that the metal in the inter 

mediate zone was in the most plastic condition at some 
time during the making of the weld This condition of 
being plastic is characteristic of austenite B is a phot 

graph of the extruded metal shown in A, magnified 500 
times rhe fact that this region etched very lightly and 
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Fig. 13—Series of Stages in the Development of a Spot Weld Using ' /;-Inct 
Electrodes on 0.028-Inch Polished 18-8 Stainless Steel at 32X 


A Incipient Fusion Around Grain Boundaries at Interfac« 
Large Zon f Incipient Fusion with Thin slumnaer 
ympletely Fused Maximum Strength We ght 


dented because again, as was shown in the ! s-inch welds, 
this pressure was insufficient to avoid expulsion of metal 
B and C show ‘‘welds’’ made in a solid sheet of stainless 
steel 0.069 inch thick, with amounts of energy which would 
have been somewhat excessive for welds in two sheets of 


this total thickness. These were taken to show that the ea eel te “PCS teat xs ‘ga F 
fusion zone at the center of a weld is not determined en ae <s Ee 
tirely by the development of heat due to contact resis ee hak iia Wp 


tance. Heat may be localized at the central portion of a 
weld by the differential cooling to which the surface in 
contact with the electrodes is subjected, as compared 
with the portion of the metal at the interface between 
sheets. 

The following photographs illustrate welds made in 
).029-inch annealed mild steel. <A of Fig. 15 demon 
strates a good weld made in twelve cycles at an electrode 
pressure of 16,000 psi. B shows another good weld 
made in four cycles. Notice that the heat zone of this 
latter weld is confined to an area close to the fused zone and 
thatitisofonlyonetype. A shows the three typical heat 
affected zones which commonly surround welds made in 
mild steel. Evidence indicates that the lightly etched zone 
between the two other zones consists of metal which has 
been completely transformed into austenite during the 
process of making the weld. The zone nearest the fused 
portion is, therefore, assumed to be an incipient fusio1 





area, and the outer zone must be the area which has bee Fig. 14—Interesting Weld Structures in Polished 18-8 Stainless Steel 
raised to temperatures between the lower and upper A. Beautiful Columnar Structure of W 

o.8 2 ° ° i. Weld tructure ir 49. nck 
critical, where transformation to austenite has been only Similar “Weld 
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is acicular in structure, is evidence of the fact that this 
metal was transformed to low-carbon martensite upon 
cooling, the carbon remaining in solution. Before leav- 
ing these pictures, notice in A the cracks developed in 
the columnar portion by the violence of the extrusion 
process. This weld was made in twenty cycles at 32,000 
psi. Greatly excessive energy is responsible for che very 
large indentation. 

If it were possible to bring all of the metal at the in- 
terior contact surfaces into the austenitic condition which 
we have just been discussing, it should be possible to 
make a truly plastic weld. However, the fact that this 
weld is made in such a comparatively short time, and 
therefore transforms upon cooling into martensite, in- 
dicates that the weld should be harder than the sheet ma- 
terial and might, therefore, be brittle. A weld which is 
practically entirely of this structure was made in twelve 
cycles at 10,000 psi. A portion of its structure including 
the line of contact is shown in C of Fig. 16, at 500. 
Notice that the structure is almost exactly identical with 
that shown in B of this figure except that traces of the 
austenitic grain envelopes are visible in C and not in B, 
at least those in B are very much finer. This is probably 
due to the fact that the metal in B has flowed during ex- 
trusion in the austenitic condition, thus breaking up the 
austenitic grains. 


Fig. 16—Evidences of the Character of the Intermediate Heat Affected 
; Zone Surrounding Spot Weld in Annealed Mild Steel 


» A. Showing Extrusion of Intermediate Heat-Affected Zone Indicating 
Condition as Compered with Weld and Outer Zone at 32X 
B Showing Intermediate Heat Affected Zone at 500 X lilustrating Acicul 
Characteristic of Low-Carbon Martensite 
Section of Weld Entirely of Martensitic Structure at 500 True Plast \ 
Made in 12 Cycles with an Electrode Pressure of 10,0 Psi 


A of Fig. 17, at 100, illustrates a weld made with 
inch electrodes in four cycles in mild steel at 16,000 ps 
with an energy which was slightly excessive. The exct 
sive energy was indicated by the fact that metal was e% 
pelled from the weld and also by the microphotogray 
B at 100X, which shows grain coarsening which to: 
place at the center of the nugget where cooling was slowe! 
The weld having been made in comparatively short tim: 
the outer portion was cooled sufficiently rapidly afte: 
fusion to give a finer columnar structure. 

Fig. 15—Welds Made in 0.029-Inch Annealed Mild Steel at 32X C is a photograph, at 500 X, of metal squirted from th« 
Good Weld Made in 12 Cycles with Electrode Pressure 16,000 Psi above weld. The squirted metal was undoubtedly fused 


Good Weld Made in 4 Cycl nee ; ; 
Very Small Fused Weld Surrounded by Three Pronounced Heat-Affected Zones atid the similarity of its structure with that of the centra 
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Fig. 17—Phenomena in the Spot Welding of Annealed Mild Steel 


A. Good Columnar Structure at 100 X 
3. Coarsened Grain Structure in Same Weld at Center of Nugget Indicating Ex 
Energy 100 X 


section of Metal Expelled from Same Weld Between Sheets at 500 


portion of spot welds indicates that they also have been 
fused in the process of formation. Notice that the direc 
tion of the columnar structure, with respect to the direc 
tion of the expelled metal from left to right, indicates 
that the freezing progressed from the outer portion in 
ward while the metal was still traveling away from the 
weld. The line through the center of the squirted metal 
is of course the line of interference of the columnar grains 
as they grew toward one another. 

A of Fig. 18, at 100 X, illustrates grain coarsening simi 
lar to that shown in B of Fig. 17, but taking place near 
the end where metal was expelled. This weld was made 
in twenty cycles with excess energy. B and C of Fig. 15, 
at 32, show a weld which was made in four cycles at 
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was sulhcient 


10,000 psi in which the excessive energy 
to cause 100%) penetration of the weld metal to the sur 

face of the sheet. The contraction of this weld was such 
as to produce a tear almost completely through the center 
of the weld. This weld not only 
tion, but also practically 100°, grain coarsening 

The stainless steel specimens were etched electrolytic 


shows 100°, penetra 


ally with a ten per cent solution of oxalic acid. The best 
etchant to develop the heat-affected zones which sur 
round mild steel welds was found to be four per cent 
picral. This solution also developed the columnar struc 


ture of the fused weld to the best advantag« 


RESULTS 
rhe results thus far in the program of resistance weld 
ing research indicate that 
1. The maximum strength always occurs for the maxi 
mum current which can be used without expulsion of 


metal during welding 
2 Expulsion of metal during 
avoided to prevent cavitation, indentatio 


loss of strength 





Fig. 18—Structures Resulting from Very Excessive Energy Applied to Spot 
Welds in Annealed Mild Steel 


. rain Coarsening Near the End of Weld fr Which Metal Hed Beer 
st 100 X 
‘ 100 Per Cent Penetration of Weld 


of Spot Due to 



























3. A penetration of 40 to 70 per cent of the sheet 
thickness by the fused weld is associated with the best 
physical properties, which confirms the results of other 
investigators. 

4. Unit pressures as high as 50,000 psi are desirable 
in the spot welding of 0.028-inch polished 18-8 stainless 
steel. Even somewhat higher pressures than these may 
be preferable when electrode materials are available 
which will stand up under such conditions. 

5. The high unit pressures which are desirable for 
welding stainless steels may be a serious limitation on the 
capacity of many machines designed for the welding of 
plain low-carbon steels. 

6. Great care should be taken in the careful align 
ment of electrode tips to insure uniformity of pressure 
and maximum freedom from expulsion of metal during 
welding. 

7. Microscopic examination of welds made in 2, 6 
and 10 cycles indicates that the welding time may be 
safely carried to at least 10 cycles without appreciable 
carbide precipitation. A word of caution should be in- 
jected: currents must be under accurate control and 
electrode surfaces must be in such condition and align- 
ment that localized concentrations of current will be 
avoided. 

8. Microscopic examination of polished and etched 
cross sections affords an excellent insight into the quality 
of spot welds. 





9. Measurement of contact resistances during 
welding is perfectly feasible, and seems to offer a fruitfy! 
avenue of investigation. 
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PROGRESS IN COPPER WELDING 





By I. T. HOOKt and C. E. SWIFT: 


FOREWORD 


HE coppersmiths and equipment fabricators have 

felt for a long time that the copper industry should 

supply them (a) with a copper sheet that is readily 
weldable and (6) a copper welding rod that would be 
suitable to use therewith. In line with this demand, we 
started some two years ago to develop materials in sheet 
and rod that would, from the standpoint of structural 
properties and corrosion resistance, be acceptable as 
copper and still be more weldable than the usual tough 
pitch copper sheet connected with the various available 
welding rods. 

This development work is, at this time, still incom- 
plete so that we shall not attempt to present a final an 
swer. However, progress has been made and our con 
tribution may be of some value to the industry. At 
least, we may save others, interested in these objectives, 
from some expensive and unnecessary duplication of 
effort. In this report, attention is directed more par- 
ticularly to the evaluation of the welding properties of 
copper welding rods commercially available. For the 
most part, discussion of new alloys will be left to a later 
paper. 


PREVIOUS WORK 


In a previous paper,’ we reported excellent progress 
made by the industry in the welding of copper. Copper 


* Paper to be presented at Annual Meeting, A. W. S., Detroit, Mich., 
Oct. 16 to 21, 1938 Contribution to Industrial Research Division of Welding 
Research Committee 

t Research Engineer, The American Brass Company, Waterbury, Conn 

| Welding Engineer, The American Brass Company, Waterbury, Conn 
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locomotive fire-boxes were repaired by fusion welding i: 
Germany as early as 1919 and completely welded 
1925. Most of this early work was done on arseni 
tough pitch copper. In the past ten years, most of th: 
locomotive fire-boxes abroad have been built or repairé 
by fusion welding. More recently, deoxidized copper i1 
large sheets was brought out in England and sold 
welding copper. 

In this country, where the locomotive fire-box of co} 
per is non-existent, comparatively little fusion welding 
of copper was done until the brewing industry got its 
new lease of life in 1933 followed by the distilling it 
dustry in 1934. Fabrication of copper brewing and dis 


tilling equipment, thus brought sharply into focus, wa 
found to be most economically accomplished by fusio 
welding. 

New filler rods were tried and new welding methods 
developed. For the most part, electrolytic, tough-pitc! 
copper sheet continued in use though deoxidized coppet 
sheet was available at a small premium. 

During this period, the welding of copper by the long 
or high-voltage carbon are was developed.? This method 
overcame, to a certain extent, the weakness in welds 
made in oxygen-bearing copper noted by many operatot 
and explained by Le Grix,*® Miller,s Wyman® and other 
These explanations show such weakness of fusion welds 
in copper to be due to the cuprous oxide existing in th 
usual tough pitch copper. The use of deoxidized coppet 
sheet and a welding rod containing a suitable deoxidizer 
is the most logical remedy. 

However, Chaffee® and Swift’ show that, where a car 
bon arc of an intensity sufficient to give a relatively high 
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i.e., 10 inches or more of welded seam 
ob 


speed of welding, 
ner minute, welds of satisfactory strength can be 


tained. 





EARLY DIFFICULTIES 


obstacle to the welding of « ypper 
ndoubtedly occasioned by its high thermal condu 
[his property, very useful in itself and very d 

ible in the equipment made up with copper sheets 

| tubes, calls for (a) a very high concentration of heat 
the welding zone or (}) a very high level of preheat 
the surrounding area he gas welding operators wer 
first to learn this and provide blowpipes of a suitabl 

apacity. Hence, the oxyacetylene welding of copper 

preceded the successful are welding of copper (except in 

eets of '/s inch thickness or less) by more than a 


he greatest single 


lecade 

In oxyacetylene welding of copper, preheat is fre 
uently used to overcome the high thermal conductivity 
while in carbon are welding preheat is seldom used 
Martin® prefers to use two oxyacetylene blowpipes, thx 
first as a preheating agent in advance of the second which 
s; used for welding or both used for welding after the 
plates are given a sufficient preliminary temperature by 
playing one or both of the torches on them. La 
Autogene® tells of a method, common in Europe, in 
two torches are used simultaneously from opposite 
ff the sheets. This makes a very high concentration of 
heat in the welding zone but can be employed only for 


Soud ure 
which 


sides 


vertical welds. This method is also described by the 
Deutsches Kupfer-Institute.” 
Many operators, however, prefer to use a less ex 


pensive source of preheat as city gas orcharcoal. Mashl'! 
for instance used, with entire success, a charcoal fire for 
preheating some heavy copper headers. In 1930, the 
writer witnessed the use of a charcoal fire preheat em 
ployed in welding the girth seams in 16 inch diameter 
copper tubes. The charcoal fire inside the tube 
while the oxyacetylene welds were made from the 

side. 

In the case of welds in copper made by the carbon arc,* 
much higher concentrations of heat can be obtained and 
preheat with its inconvenience and undesirable expan 
sion of the metal, can be avoided. Successful applica 
tion of the carbon are was delayed until 1933 because 
most of the welding generators available were designed 
for steel electrodes calling for moderate amperage and 
voltage. Hence, the high heats necessary for copper, 
about 440 amperes with a 40-volt arc for inch thick 
copper, were not available. 

It should be noted that the high heat necessary for 
welding copper is required to overcome the high thermal 
conductivity of the base metal. No difficulty is oc 
casioned by the thermal conductivity of the filler rod as 
the heat is, in this case, applied to such a small volume of 
metal. 

The other difficulty which caused so much trouble to 
early copper weldmen was found to be occasioned by the 
small amount of oxygen, usually 0.03 to 0.07%, in tough 
pitch copper in the form of small specks of cuprous 
oxide scattered more or less uniformly throughout the 
volume of metal. This small amount of cuprous oxide 
does no harm to the copper when it is to be used for 
electrical or purposes other than heating or welding. In 


was 
out 






* The carbon arc is used in preference to the metallic arc as the”hea 
limited in the latter case by the capacity of the melting wire If the current 
is too high, the wire melts more rapidly than the base metal, making cold lap 
thereon Moreover, there is too much patter’ loss of we 1etal In th 
use of the carbon electrode, there are no such limitations t at 
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has a beneficial effect in keeping the grain size 
But when the copper is to be 


a weakn n the base metal a tew thousandths ol 


ess 
ch back from the fusio1 ( It causes troubl 
veral ways 

It is reduced to copper al 1 wate po! y the 
hydrogen which diffuses into th lid copper Phe 
wate! 
man” states, the 
blows th ypper 
the welded stre1 
trength of the so 


Porosity in the form of sn pherica ids at 


It) Sé 


vapor cannot dilluse ou 
Ee Oo apart his typ I Weakliit cut 
gth to appr matel ;' { the 
++ 4} 
a4 


pase Inne 


fusion line of a c: 
be occasioned lll a S mewha I lar manne 
monoxide 
taking 
dioxide 
Fig. 15 though a hi 
it out his reducing 
the carbon arc flame un 
the oted in a sl 
tough pitch copper base meta 
( It is possible also that i e Grix® pointed out 
the simple 
a redistribution of the cuprou xide at the fu 
orm copper-cuprous oxide eutectic with a weak 
ening effect in this z We have not been able to dem 
onstrate this effect in the studies thus far mad 


the 
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OxXVgel 


This type of porosity evidence 


agent 
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gher magnificat needed to br 


1 1 . ° ‘ ; 
weakness WIiy I icdit i ) I \ 

] ; ‘ ‘ ; ; @ o 
meiting l vite nNpetr nay 


~ . : } pepe A Ly 


one, 


The weaknesses described above re corrected bv hot 
forging after welding The Deut es Institute cite 
the case of an oxvacetylene weld in toug!] pit h copper 
using a silver bearing phosphorous, deoxidized copper 


welding rod, which, when tested ‘‘as-welded”’ showed an 


average strength of 17,050 pounds per square inch which 


was little more than 50% of the strengt f the ft base 
metal. The elongation was only 6 to9 Y 

This same weld when hammered while hot shows a 
strength of 28,400 to 34,100 pounds per square inch with 
an elongation of 30 to 34%, which means an improvement 
in strength approaching 100% of that of the soft base 
metal with an improvement in ductility to nearly SO‘ 
of that of the unwelded base metal 

Che thing of paramount importance to be noted in the 
above discussion is that the weakn ; due to the 
cuprous oxide in the base meta Henes it cannot be 
corrected by any virtue in the welding 1 

PLAN OF INVESTIGATION 

In planning any investigatio1 t ilways desirable 
to start with the known and then proceed to the wu 
known Che first part of this investigation, therefore, 
deals with the evaluation of the weldability of known 
alloys Chis report is concerned principally therewit 

Referring to the Welding Handhe we note that 
besides the oxygen-bearing tough pitch copper Se 
metal, phosphorous deoxidized copper and silicon di 
oxidized copper ar listed as base metal 

For joining these base metals, the Handbook" lists 
nine different alloys. However, four of these, namely, 
silver solder, spelter solder, yellow bronze and phosphor 
copper, are more in the nature of brazing solders appli 
cable to scarfed or over-lapping surfaces while this paper 
is concerned only with fusion weld Also, berylliun 
copper 1s regarded more as a facing metal for copper than 
as a welding rod which leaves for consideration only fou 
general alloys, deoxidized copper low tin phosphor 
bronze, (c) high tin phosphor bronze and (d) the silicon 
manganese copper alloys 
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In addition to the five elements, i.e. oxygen, phos 


phorus, silicon, manganese and tin, which are used to 
make up the four general alloys applicable as fusion 
welding rods, there are a score of other elements which 
may be used with copper. The effect of all of these 
elements should be evaluated before we can say that we 
have arrived at the optimum welding alloy. And, when 
it is considered that these elements may be used singly 
with copper or two or more together, it is apparent that 
the work can become rather involved. 

Another complication that makes the work rather 
expensive arises from the high thermal conductivity of 
the copper base metal. In order to make the welds at 
all comparable to commercial welds, it became necessary 
to use copper plates rather large and thick. This meant 
a considerable poundage of copper sheet. 

We also desired to subject the metals to heat condi- 
tions as severe as any they would be likely to encounter 
in commercial work. Thus, a */s inch thick plate welded 
by the oxyacetylene torch in one pass is considered to 
be about the severest condition that a gas welding rod is 
likely to encounter while '/, inch thick plate welded in 
one pass by the carbon arc is thought to be about the 
most severe heat condition that an arc-welding rod is 
likely to be called upon to endure 
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Fig. 1—Steel Base Metal for Series 1 Welds 


Taking all of these things into consideration, we 
settled upon 8 x 12 x */s inch plates for the gas welds 
and 8 x 12 x '/, inch plates for the carbon are welds. 
Welded along the 12-inch edges, this made a 16 x 12 inch 
welded plate to be cut up for tests. 


Properties to Be Evaluated 


Not all of the properties of an alloy are involved in a 
weldability rating. Some of the more important ones 
are as follows: 

(a) Relative Melting Point.—The absolute value is not 
significant but the relationship of the melting point of the 
welding rod to that of the base metal should be known. 
In general, it is desirable to have a welding rod melting 
at a slightly lower temperature than the base metal. 

(b) Strength.—The weld-metal in the ‘“‘as-welded”’ con- 
dition should have a slight margin of strength over that 
of the base metal in the annealed condition. 

A primary aim of this investigation is to secure a 
welded seam that will have ample strength and ductility 
without recourse to after treatments such as hot or cold 
working, annealing, etc. 

(c) Ductility—The weld-metal in the ‘‘as-welded 
condition should have a cold ductility comparable to 
that of the soft base metal. It should have good duc 
tility at all temperatures up to the melting point. 
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(d) Soundness.—The weld-metal should be free oj 
types of unsoundness as hot short cracks, large and 
gas pockets, shrinkage cavities, flux or oxide inclu 
and cold laps. 

(e) Flowing Properties.—This item includes rel 
fluidity (or viscosity) of the metal at welding tem; 
tures, its ‘wetting’ or “‘tinning’”’ ability on the . 
metal, character of its surface when molten as visi 
and type of film, surface tension, response to fluxing 

(f) General Properties.—Other properties of the w 
metal which should be evaluated are color match, 
size, hardness, corrosion resistance and fatigue resist 

Thus, the color match, not usually important in coy 
welding, may be vitally important in a welded ar 
tectural shape. 

Because of their effect on fatigue resistance and 
pact, large grains are undesirable. A grain growt! 
hibitor which acts, in this respect, like the cuprous « 
in tough-pitch copper, is desirable in the weld-metal 

Since so much of the welded copper goes into chen 
equipment, the relative corrosion resistance of the 
metal compared to that of the base metal is vital 

Also in developing a welding rod for copper, anot 
very desirable feature would involve the use of the wel 
ing rod with equal facility in either gas or arc-weldins 
operations. Most of the commercial welding rods 
tainable for copper welding are satisfactory for 
method of welding but not for both. For example, t 
high phosphorous copper welding rods which work ad 
vantageously in carbon arc welding are prone to show 
bad porosity and hot short cracks in gas welding. Simi 
larly, the low phosphorous, silver bearing copper r 
which make very good welds by the gas method 
likely to yield weak welds badly oxidized on top whe 
used with the arc. 

The base metal cannot be pointed for weldability 
freely as can the welding rod. Requirements for ult 
mate use must be given preference. For example 
nothing can be done to reduce the thermal conductivity 
of the base metal though this property is the great: 
single obstacle to the welding of copper. However 
something can usually be done without impairing its 
usefulness for its ultimate service. Thus, adjustment 
may be made in minor constituents which offer promis¢ 
of improved weldability with grain growth inhibiting 
better hot working properties, improved surface, in 


5” 4, . 
Mk F Alley Plates, ve 


Phos. Dec Cageer 


Start of Weld a 


2 a St i 
ie ——— ———rs) S| cerns : —— =a | 
| 
| ! 
| } 
| | 
| mt 

+t Li it'd. — } 

- *- , 
- 8 ~< 3 > 
[ - “=. % 1€ 
| ig ) 
| j 
| 4 
he | ge 0 fi ! 
Lt.  . = 4 
ack Weld» © FIPO 
90° 
¢ s 
se - . ' 
‘ | #4 
T t— >> , 74 I 
” 
| 
33 *% “Groove ¢ ~-Copoer Packer 


Fig. 2—Set-Up for Making Carbon Arc Welds of Series 2 and Series 4 
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ed resistance to corrosion and fatigue. The 
| can also be improved in strength but usually this 
ts in an entirely different alloy. 


PLAN OF WELDS 


1 


ie investigation could be confined to studies on the 
ing rods when being fused and small welds on thin 
‘+r. Geldbach'*® working along these lines gathered 
excellent data on the welding of copper. How 
as was stated before, it was our purpose to subject 
metals to tests similar in character to commercial 
lications and of a severity comparable to the maxi 
1m it is likely to receive when so used. 


r this purpose seven series of welds were planned, 
aim being to eliminate as quickly as possible all 


ys showing little promise as welding rods, thus 
Series 1 is a weld designed to bring out the hot and 
ld ductility of the alloy as disclosed in a rigid 
tylene weld. 
is intended to show up the flowing properties, 
hot and cold ductility and soundness of the welding 
d as disclosed in a single pass carbon are weld. 
is a free, single pass oxyacetylene 
s-inch thick 
strength, 


‘> 
peTies < 


9 
SET1CS - 


veld in 
copper in which the flowing properties, th« 


1 


ductility and soundness are determined 


Table 1—Copper Alloy Rod Deposited on Steel Plate by 
Oxyacetylene Flame-Effect on Constituents 


Sample Composition, % 
Mark from Copper Iron Oxygen Sulphur R rks 
Rod Rem 0.020 0.0021 Electrolyti 
Weld 0.008 0.0025 { 
Phos 
B Rod 0.009 0.084 Phosphorous de- 
Weld a 0.296 0.068 oxidized copper 
Rod —— 0.002 0.086 Silver bearing, de 
Weld ai 0.184 0.079 oO idized copper 
Pir 
I Rod 0.000 0.028 1.70 Low tin phospho 
Weld 0.154 0.018 1.73 bronz 
K Rod 0.348 4.44 Grade A phosphor 
Weld 0.280 3.79 bronze 
Silicon 
1 Rod 0.001 0.06 Silicon deoxidized 
Weld 0.103 0.04 copper 


* Includes 1.02% silver 


Series 4 is similar to Series 3 except that the copper is 
mly '/, inch thick and the weld is run with the carbon 
arc. The weld is run in the same manner as are the 
welds of Series 2 but the method of testing and inspection 
are different. 

Several additional series, not complete at this writing 
will be run on various '/s inch thick samples of base 
metal alloys and on 8 x 12 inch plates of the optimum 
base metal alloy and welding rod alloy, thus giving the 
materials a final test before offering same for commercial 
service. 


SERIES 1 WELDS 


As was stated above, this weld was planned as a severt 
test on the hot ductility of the welding rod alloy. Owing 
to the low elastic limit and strength of copper at tem 
peratures close to its melting point, copper base metal 
could not be used. It would be insufficiently rigid to the 
solidifying and cooling copper filler metal. In this 
series, therefore, steel was used as the base metal with 
the plates arranged as illustrated in F 
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It will be noted that the welds of Series are 90 
single vee butt welds 5 inches long with the inch steel 
plates held rigidly apart by the '/» inch of steel butt welds 
at either end of the vee. Che plates were also rigidly 
clamped to steel channels t restra the shrinkagé 
stresses in the copper alloy weld-metal from bowing the 
plates 

he 5-inch length of weld, « extremely 
rigid disposition of the plate ma evere test 
on the filler metal for hot duct \ e the least 
bit inclined to be hot short in a re range 
from black heat to its melt | t areas 
would be de veloped 

Che action of tl pper filler meta ( eel wa 
in the nature of a surface alloying or br Che steel 
was not appreciably melted but v brought up to a 
bright red heat at which temperature 1 t of the molten 
copper alloys “‘wetted”’ it gree bond 
was obtained 

All of Series welds were mad th vacetvlens 
blowpipe It is bel ed t 1 
wider spread of heat of this met LS « 
pared to arc welding) adds to t test 

It may be asked whether the u | D was not 
likely t  vitiate the test ly rder t le W e! 
this was, samples were taken trom the top middle third 

f the weld and compared witl I veldi rod 
The chang ther element yy thie 
oxvacetvlene flame were a d4 
lo 1 Table 

judging Irom the ibove t Lie 

ron due to dissolv same from the b« les of the 
steel plate is approximately 0.16% { the alloy ba 

his, it will be noted, is in the reg the weld most 
affected by shrinkage stresses, i.e. the top third Since 
Hanson & Ford'* had no difficulty in working copper cor 

taining iron up to 1%, we believe it is fair to assume that 
0.16%, or even the 0.296% of Rod B, will not occasion 


serious hot shortness in copper or mask the hot shortness 
due to phosphorus. One migh 


ont SUDDOSt 
combines chemically with a hot short agent such as 


phosphorus," the effect of the latter would be ameli 
rated. This is, however, not the 

The values of Table show other interé g results 
due to the melting operation with th xyacetylene 
torch hus, in the tough-pitch copper of Rod G, the 
oxygen is reduced from 0.020 to 0.00S% by the effect of 
the torch gases This reducing action of the oxy 


acetylene flame has long been know 
The high temperature of the oxyacetylene flame causes 


a reduction in the phosphorus of about one-third and 
nearly the same loss or slightly I t silicor lhe phos 
phorus evaporates from the melt and the silicon oxidizes 
the resulting oxide melting and forming a thu ntinuous 
liquid film over the melt 

Though the oxvacetvlene flame is reducing t uprous 


oxide, it nevertheless will oxidize sil r phosphorus 


which have a very high affinity I | while 
the hydrogen and carbon monoxide are reducing to 
cuprous oxide, the water ipo! le ar 
oxidizing to the silicon and phosp! 

lests of Serve 1 Weld Lhe cal t ‘ 
the Series welds was a face br pe i 
the fracture Phe inch tack weld te t either 
end of the plates being mad e 1 l] ! 
electrodes, were low in ductilit i b 
little bending The result ( i 
Table 2 

Remar} S$ OV Re { Li ] i se & i rpre U1 . the TX 
sults of Table 2, it should bi ( 
{ Series 1 constituted a Lie 
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Fig. 3—Transverse Flat Back Bends on Seam of Series 2 Welds 


Table 2—Face Bend Tests on Series 1 Welds 


os Bend at Hot Sound 
Welding Rod Failure Short Voids Metal 
Mark Copper Oxygen Iron Degrees Area,% &% oy// 
Rem 0. O20 31) 1() 1() 2) 
Phosphorus 
BB Rem 0. O82 p ] Qs j 
B 0. O84 0.009 | QQ ] 
Silicon 
1 0. O63 ‘0 & 15 3 PA 
0.25 15 () Qi) 
Phosphorus Pin 
lia O06 1.69 4) 35 H5 
KF} 0.20 2 715 
Silver 
( . () ORS 1.02 30) 25 65 
rin 
A Rem O34 t 41 ’ulled away from steel 
L 0.33 10.29 
Silicon Manganese 
VW 3.10 1.08 
hot ductility of the metal. An alloy which would show 


a hot short area covering 95% of the fracture could still 
be used for welding where the plates were free to come 
and go. Or it might be successfully used where the weld 
ing action is extremely rapid as in some carbon arc welds 
None of the alloys was condemned on the basis of Series | 
welds alone. 

Since for the most part only one test was made on each 
alloy, no close comparisons can be made of the results. 
In a broad interpretation, however, the results do have 
some significance. Thus: 

Electrolytic Copper, Mark G.—The tests show that with 
40% of the area showing a hot short fracture, the metal 
must be lacking in ductility at some point in the welding 
temperature range. On the other hand, the 30° bend 
before failure (obtained by matching the broken halves 
and reading the angle) indicates good cold ductility. 
Especially is this true when the notch effect of the hot 
short areas and the porosity is considered. The high 
area of voids, 40%, indicates bad gas action on this 
metal. 

Effect of Phosphorus, Alloys B, BB, F and C.—It seems 
clear that phosphorus is responsible for extremely bad 
hot short cracks which in turn result in a negligible cold 
ductility of the weld as measured by the bend. Even 
with phosphorus as low as 0.032% in Alloy BB, it ap- 
pears to show a very bad effect on the hot ductility. 
Owing to the high area of hot short fracture, little is 
indicated as to the gas effect on the alloy. 

Alloy C appears to be somewhat less hot short than 
the other phosphorous alloys which may be due to an 
ameliorating effect of the 1.02% of silver. Tin does not 
appear to neutralize the hot short reaction of phosphorus. 

Effect of Silicon, Alloys A and X.—Silicon deoxidized 
copper shows a decided improvement in hot ductility 
over phosphorous deoxidized copper. This fact was 
recognized by S. W. Miller* in 1926. It also contributes 
to the soundness of the metal. The writer ascribes the 
last named effect to the fact that the weld pool is covered 
with an impervious liquid silica glass film which protects 
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the molten metal from actual contact with the hot 
This film forms as the metal is melted 


SERIES 2 WELDS 


In carbon arc welding, the heat liberated is a funct 
of EJ where E is the voltage drop across the arc and | 
the current in amperes. Within certain limits, dep 
ing upon the characteristics of the welding generator: 
given heat value may be obtained by rather wide var 
tions in are voltage (are length) and are current | 
200 amperes flowing in a 20-volt are (short arc) repr 
sents the same amount of heat that would be liberated 
only 67 amperes passing a 6O0-volt are (long are 
effect of these two arcs on a given metal, however, w 
be quite different. The heat would be more locali 
and the temperature of the weld pool higher in th 
amperes, short are than in the 67 amperes, long ar 

Generally speaking, if the metal will endure the 
temperature without suffering damage, the short ar 
restricted weld pool is preferred to a long are with 
greater tendency to wander and its wider spread. Als 
the short are lends itself more readily to position weldins 
However, some metals will work quite satisfactorily wit 
one type of the are and not with the other. In workin 
with new alloys for welding rod and base metals and dit 
ferent thicknesses, it is necessary to determine by actu 
trial the current value and arc length that will yield 1 
soundest, toughest weld-metal with the correct penetra 
tion. Series 2 welds were made with this object in view 

Figure 2 shows the dimensions and set-up for the mak 
ing of Series 2 welds by the carbon arc. The 8 inches 
either side of the weld is regarded as being close to thi 
minimum to obtain thermal conductivity effects compa 
rable to the effect of acommercial sheet. Also the 12-inc! 
length of weld approximates the minimum length a: 
time interval that is needed to secure stable conditio: 
and satisfactory readings. In general, the time requir 
to run the 12 inches is from 60 to 90 seconds. The 
inch is close to the maximum thickness of copper that it 
desirable to be run in one pass. 

Aside from the readings and observations made duri 
the run of the weld, an examination of the weld-metal wa 
made to determine the effect of the arc heat on it. 

The welds were sheared out of the sheets by cutting 
along lines */, inch to either side of the weld axis. Bend 
were made as indicated in Fig. 3. Also, since we wer 
interested in the weld-metal only, all of the welds wer 
run on a single base metal—phosphorous deoxidized 
copper. The deoxidized copper was used in preferenc: 
to electrolytic copper base metal as there is always 
weakness in the latter adjacent to the weld. The result 
of Series 2 welds are given in Table 3. 

The Series 2 welds were made with the direct current 
carbon arc, the negative electrode being a '/2 inch di 
ameter high capacity graphite. 

Samples were taken for analysis from the top middl 
third of the weld in order to determine what had hap 
pened to the metal as it was melted by the extremely hot 
arc of Series 2, i.e. 400 to 500 amperes. As the base metal 
was phosphorous deoxidized copper carrying 0.02 t 
0.035% phosphorus, there would be some dilution of the 
weld-metal from the base copper. Hence, the analysis ot 
the weld-metal would show a greater apparent loss of the 
deoxidizers and other added elements than is actually the 
case. However, the following results of Table 4 are in 
teresting and enlightening. 

Effect of Arc on Phosphorus.—A study of alloys B, C, F, 
K and L show (a) that with phosphorous proportions 
varying from 0.017% of Alloy F to the 0.080% of Alloy 
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there is, even with the longest possible arc, sever 
ining of the metal which is « xposed directly to the ar 
iZ¢ 

Figure 4 illustrates this condition. The metal in the 
» of the weld which has received the full benefit of the 

is badly porous and oxidized. At this section, it is 
ry unsound for a depth of approximately 0.08 inch 
learly the 0.069% phosphorus of the original welding 


1 was insufficient to keep all of the metal completely 


Table 3—Transverse Flat Back Tests on Series 2 Carbon Arc 
Welds 


Weld 

ing Welding Data Observations, Bend Tests, Remark 

Rod Amps. Volts Speed” and Conclu 

lowed about the same as B Very fluid 

BB OK 91 21 At 90° the face showed short crack 
while the root bend was O. K At 
180°, both face and root howed 


small cTac ks 
At flat back, the face showed one larg: 


crack and numerous small ones whil 
the root showed several wide crack 
and small crack with porosity 


Cracks start at hot short check 

In general, the phosphorous deoxidi 
copper shows evidence of hot sl 
ness no matter how low the pho 
phorus content—the 32° 
phorus of Alloy BB being close to th 
commercial minimun 





The 0.032% phosphorous alloy show 
slightly better ductility h 
0.084% phosphorous alloy 

Flowed freely with clear pool, gentle agitation of rfa \ 

shorter arc increases the agitation which is probabl 1 by tl 
evaporation of the phosphorus 

B 190) oH 14 At 90° both root and face showed slight 

cracks. At 180°, numerous crack 


in root and fact 
At flat back, one large crack devs lop ad 
in face with numerous fine cracks 
near edge. Porous at top, dendriti 
at center. Occasional large blow 
holes. The root showed one wid 
crack with considerable porosity 
Small hot short cracks in bottom of 


weld. 

The lower heat rang gave pert 
penetration The expat f the 
top caused hot short fractut at the 
root 

Flows quietly, very fluid, clear pool, less danger of undercutting 
than with the pho phorous coppers 

A 500 15 16 At 90 . the face bend showed a crack 

opening up at a gas pocket Phe 

root was O. K. at 90 At 180° the 

face showed a wide crack and th 

root an incipient crack At flat 

back, the face showed a wide crack 


and porous metal with only a slight 
crack at the root 


This alloy appears to have better hot 


ductility than the phorphorous d 
oyN idiz« d coppt I 


Flows quietly with good penetration. Open channel down centet 
of bead due to refractory oxide following the arc 

= 490 15 13.5 At 90° to 180°, the face showed 

porosity in the middle of the bead 

and numerous short cracks while th 

root was O. K. at 180° except for 

poor fusion on one sid 


it At the 
flat back, the face showed one wide 
crack and several irregular cracks 
and large gas pockets while the root 
showed one wide crack and a larg 
gas pocket rhe weld-metal is very 
coarse grained 


Wala 
Wek 


Rod Am 


Flow yg 
Pr 

burt ha 
y I 


* Inche 


Table 4—Changes in Composition Due to Action of 
Amperes Carbon Arc 
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Fig. 4—Macro-Photograph 5X of Weld Made with Alloy B Rod on '/;-Inch 


Thick Phosphorous Deoxidized Plate (Table 3) 


Fig. 6—Arc Weld (Tables 3 and 4) of Alloy A Rod on '/;-Inch Deoxidized 
Copper Plate 


deoxidized. This fact is brought out even more sharply 
in the analyses of the weld made with Alloy F which was 
run at 12 inches per minute with an average closed cir- 
cuit current and voltage of 425 amperes and 50 volts. It 
will be noted from Table 4 that more than half of the tin 
was oxidized and the heavy (Sp.g. about 6.9) tin oxide 
entrapped in the weld-metal. 

Contrasted with Alloys B and F having low phosphorus, 
we have alloys K and L with phosphorous contents of 
0.310% and 0.285%, respectively. Alloys K and L made 
very good welds on '/,-inch phosphorous deoxidized 
copper plates. The face and root bends showed, in 
general, better ductility and sounder weld-metal than 
did welds made with Alloys B and F. The weld of Alloy 
L was run at the rate of only 6 inches per minute though 
the current was 450 amperes with an arc voltage of 52. 
Hence, the metal received even more severe heat condi 
tions than did that of Alloy F. 

A careful check with the microscope and analytical 
methods showed no appreciable amount of tin oxide or 
cuprous oxide. It seems apparent that the higher phos 
phorous content of Alloys A and L was sufficient to keep 
the metal deoxidized under the most severe welding con 
ditions. 

Evidently 0.25% phosphorus is sufficient to keep the 
copper and tin deoxidized under severe arc-welding con 
ditions while 0.08% is not. 

Effect of Arc on Silicon.—Phosphorus evaporates from 
the weld pool as a gas exerting a strong reducing action 
on the surface. Silicon on the other hand oxidizes and 
combines with other metallic oxides to form a liquid glass 
film over the weld pool. This film protects the metal 
underneath from the are atmosphere so that a much 
shorter arc can be used with a silicon deoxidized copper! 
than is the case with a phosphorous deoxidized copper. 
Chis film should also be effective in preventing in some 
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Fig. 5—Weld on '/;-Inch Thick Phosphorous Deoxidized Copper Mad, 
with Alloy L, Table 4. Note General Soundness of the Meta! Except 
for Extreme Bottom and Top Surfaces 





Fig. 7—Arc Weld of Alloy M (Table 4 Only) on '/4-Inch Deoxidized 
Copper Plate 


measure the contact of the molten weld-metal with th 
hot gases thus contributing to its soundness. 

The weld sections shown in Fig. 6 (low silicon) and Fis 
7 (high silicon) are, in general, quite sound. The low 
silicon weld-metal of Fig. 6 appears noticeably sounder 
than the low phosphorous weld-metal of Fig. 4 but less s 
than that of the high phosphorous alloy, Fig. 5, or tl 
high silicon of Fig. 7. 

The weld-metal of Fig. 7 deposited with the extremely 
hot are of 510 amperes at 44 volts closed circuit was u1 
usually ductile taking a full flat back bend in both face 
and root bend samples. 

Silicon as well as phosphorus shows a decided loss in 
its proportion as a result of its being melted by the ar 
However, since the base metal contained no silicon, the 
dilution of the weld-metal would be greater in the case 
the silicon rod than in the case of the phosphorous rod. 

[he phosphorus appears to evaporate as long as the 
weld pool is kept at a superheat by the play of the ar 
The observed simmering of the surface appears to indi 
cate this. The silicon film, on the other hand, does not 
build up appreciably in thickness in a given are sup” 
heat. A reasonable conclusion appears to be that the 
silicon loss in an are weld is somewhat less than the phos 
phorous loss under the same conditions 

Effect of Arc on Silver and Tin.—It appears obviou 
that silver and tin need the presence of an active d 
oxidizer as much as copper itself. In fact, the tin oxi 
dizes at these high superheats more readily than the 
copper. This is shown by the analysis of the Alloy / 
weld-metal reported in Table 4 Moreover, the tu 
oxide is particularly objectionable—it is too heavy to b 
easily floated out of the melt. Silver oxide, though ha\ 
ing a high specific density, is not particularly troublesom« 
as it is unstable at the temperatures within the melt 
forming only on the surface as the metal cools down. 
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Fig. 8—Set-Up for Series 3 Oxyacetylene Weld 


SERIES 3 WELDS 


In planning this series, several questions were co! 
sidered. For example, what was the maximum thick 
ness for a single pass weld? A single pass weld was d: 
sired as this is the weld most frequently made. Mor 
over, a multiple pass weld is complicated by variable heat 
and strain effects on the first pass which are difficult to 
evaluate. On the other hand, thick plates were desired 
in order to subject the weld-metal to the most severe heat 
conditions it is likely to encounter s-inch thick plates 
were selected as these proved to be on trial about the 
maximum thickness that could be welded with a single 
flame torch in the absence of other preheat. 

Another question dealt with the minimum width and 
length of plates. With a */,-inch thickness, the weight of 
metal and the costs run up rather rapidly with increasing 
size. On the other hand, if the plates were too narrow, 
the metal would become too hot at the finish end, unless 
the torch head were changed in the middle of the weld. 
An eight-inch width on either side of the weld was found 
to be close to a minimum to secure uniform heat condi- 
tions along a 12-inch weld. The 12-inch length of weld 
was needed to secure the requisite number of samples for 
full section tensile, reduced section tensile, face bend, 
root bend and micro-sample with a reasonable discard 
at either end. 

A third question concerned the type of backer (or no 
backer) to use. Owing to the high heat and nearly flat 
position some type of backer was imperative. Thin 
copper could not be used as it would melt through and 
thick copper was undesirable on account of its high heat 
absorption. Steel was not wanted as the copper weld 
metal would stick to it. Asbestos sheet could be 
but we preferred a grooved carbon plate which could be 
used over and over though its heat capacity was markedly 
higher than that of asbestos. The carbon backer was re 
lieved in order to minimize its robbing the plates of their 
heat. The set-up is illustrated in Fig. 8. 

Flux.—The copper welding rods deoxidized with phos 
phorus did not require a flux. The phosphorus as it 
evaporates from the melt keeps the surface deoxidized 
and bright, the resulting phosphorous oxide escaping as a 
The silicon deoxidized welding rods did, however, 
require a flux to thin and soften (but not completely dis 
solve) the silica glass film. Hence, to treat all rods alike, 
we used flux on all rods, phosphorus included. We used 


used 


gas. 
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commercial brazing flux made uy { tused borax a 
boric acid. The flux was mixed wit! t water al 
painted on the base metal while the rods were prefluxe: 
by preheating same and running them throu, 1 pile 
dry flux 

Che welding rods were all approximatel neh di 
ameter. 

The blowpipe was used with a } head which 
normal operation using oxy gt per squart 
inch pressure with torch valve wid pound 
of acetylene throttled at the torch t e a neutral flame 
is rated at about 55 cubic feet pet r of acetylene and 
the same amount of oxyge1 

Table 5—Copper Base Metal of Series 2, 3 & 4 Welds 


Cor Osi 
Mar Copy Oxy | 
I] olytic coppe l VE f 
formly distrib i 
Re ) Q 
>, 
Phosphorou deoxidized opper 
Pho 
p R 2 4 
4f ~ 
Silicon d idized yp pe 
Silico 
5 Ret 0.049 te 
) O64 


’ 
This, however, furnished insufficient heat for our pur 
pose and for Series 3 welds, the oxygen pressure was 
stepped up to 36 pounds per square inch with the torcl 


valve wide open and the acetylene at 5 pounds per square 


inch throttled at the torch to vield a neutral flame This 
pressure gave a very sharp, hot blast but since most of the 
welding was down-hand, it offered no difficult) 

Che plates were preheated from 3 to 5 minutes with th 
above blowpipe before actually starting the weld 

he welds were completed at the rat t 0.75 to 1.2 


ik 


inches per minute with a weighted average of approxi 


mately 0.85 inch per minute or 14 minutes per foot of 
weld. 

Testing the Series 3 Weld Bending tests, tensile test 
and micro-examination were made on each of the Seri 
welds Unlike the bends of Series 2, tl b 1 test | 
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t Bends of Series 3 Welds 
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Fig. 9(a)—Flat Back Face Bend Test of Series 3 Welds 
















































machined flush on top and bottom and forced into the and bottom. 


bending jig of Fig. 9 until given a 180° bend. The face 
bend would be a sample bent with the top or face of the 
weld on the outside while the root bend would be on an- __nealed. 
other sample having the bottom of the weld on the out- 


Mark Tensile 
Baseand Strength, 
Rod PSI 
E-BB 16,330 
P-BB 22,200 
S-BB 26,870 
P-B 25,570 
E-A 15,530 
P-A 26,100 
S-A 26,370 
E-X 18,370 
P-X 28,370 
E-F 15,800 
P-F 22,570 
S-F 31,670 
E-C 16,730 
P-C 23,470 
S-C 25,800 
E-K 17,300 
P-K 24,100 
P-L 24,200 
E-M 20,830 
P-M 31,130 
S-M 31,730 


* Explanation of abbreviations used in Table 6: 


Fracture, Remarks 


Along bevel, unsound 5% hot short 


In weld, slightly unsound and hot short 

In weld, 1% hot short 2% cold laps 

In weld, unsound and 3% hot short 

Along bevel, unsound 

In weld 

In weld, coarse grained 

Along bevel, unsound 

In weld, cold laps 

Along bevel and in weld. Unsound and cold lap 

In weld, unsound 

In weld, slightly porous 

Along bevel, unsound 

In weld, slightly unsound 

In weld, slightly unsound and hot short 

At edge of weld. Very unsound Also hot short 
areas 

In weld, large blow-holes and cold laps 

In weld, blow-holes 

Edge of weld 

In base metal 


In base metal 


the second letter or letters refer to the welding rod identification from Table 2. h.s. 


total area of fracture. 


C = Cracked 


56 


Series 6 were made with the axis of the bend coincident side. After being bent 180 
with the axis of the weld as illustrated in Fig. 9. The flat as illustrated in Fig. 9(a). 
specimens, about 1!/: inch wide cut from the weld, were 


Base Metal, Series 3 Welds. 
for Series 3 welds was hot rolled to */s inch thick and a; 
Three different base metals were used, the com 
positions of which are given in Table 5. 


Outside 
of Be nd 
Face: 


Root 


Root: 


Face 
Root 


Face: 
Root: 


Face 
Root 


Face 


Root: 


Face 


Root: 


Face 


Root: 


Face 


Root: 


Fact 


Root 


Fact 
Root 


Fac e 
Root 


Face 
Root 


Face 
Root 


Face 
Root 


Face 
Root 


Face 


Root: 


Face : 


Root 


Face: 
Root: 


Fac c 


Root 


Under ‘“‘Mark,”’ column 1, the first Z, P or 
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Table 6—Tensile and Bend Test Results of Series 3 Welds* 


3end Tests 


Flat 
180° at 0.75 "Rad. Back 
O.K. F 
F 8O ju 
O.K 
O.K. C 
Fails at edge F 
Fails at 60 a 
O.K O.K. 
C 
Fails at edge f 


Fails at 45 


O.K. O.K 


Slightly cracked 


Failed at 100 
Failed at 80 
C F 
Failed at 80 


O.K. O.K 
Failed at 90 

a F 
Fails at 70 : 

C 


O.K O.K. 
Failed at 90 
Failed at 45 


Slight cracks fF 


Failed at 60 


Failed at 90 
Failed at 80 


O.K O.K 
Slight 


cracks 
O.K 





the samples were press: 


The tensile specimens were also machined flush on t 


All of the material us 


Only the most 


Elongation ir 
: 2 In h, wy 


50 


S refers to the base metal of Table 5 and 
area cracked while hot, expressed in per cent ol 


= cold lap, per cent of total fracture. }.h. = blow-holes, per cent of total area of fracture. = Failed 
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Fig. 10—Zone of Fusion in Weld, Mark E-M, Between Electrolytic Copper 
Base Metal and Silicon Manganese Bronze Weld-Metal. 5 X 


promising of the welding rod alloys were applied as filler 
rods to all three base alloys. Where a test was desired on 
a rod which showed up unsatisfactory in Series | and 2 
welds, it was used on the phosphorous deoxidized copper 
base metal only. 

The results of the tests on Series 3 welds are given in 
lable 6. The values for tensile strength and elongation 
in 2 inches are the averages of three tests on a given weld. 
Each specimen was approximately */, x 1 inch in section 
Only one face bend and one root bend was made on each 
weld. The elongation in '/, inch of the bend test was 
that of the outside fiber of the bend. 


DISCUSSION OF SERIES 3 WELDS 


In reviewing the results of Series 3 welds given in Table 
6, we note first of all that the highest strength obtained 
on electrolytic copper, Mark &, is that obtained with 
welding rod M. This compares very unfavorably with 





Fig. ll—Line of Fusion in Weld, Mark E-M, Between Electrolytic 
Copper Base Metal, £, and Silicon Manganese Bronze, M. 75 X 
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Fig. 12—Fusion Line Between Phosphorous Deoxidized Base Metal 
Mark P, and Silicon Manganese Bronze Weld-Metal, Mark M. 5X 
Note 100% Soundness of Base Metal to Fusion Line 





results obtained on the phosporous deoxidized bass 
metal, Mark P, and on the silicon deoxidized plates 
Mark SS. 


This weakness in the tough-pitch copper, Mark £, as 
explained in an opening paragraph is clearly due to hydro 
gen embrittlement of the base metal in the area within 
0.025 inch of the fusion line, Fig. 10. It can be corrected 
only by hot forging of the weld or, in relatively thin 
metal, by cold peening of the weld followed by an anneal 
This zone of weakness is clearly shown in Fig. 10 and in 
the higher magnification of Fig. 11 Chis weld after the 
reinforcement was machined off had an average strength 
of only 20,830 pounds per square inch, the failure taking 
place in the gassed base metal along tlfe fusion line. 

If no after treatment is to be used, the only way in 
which the strength in tough-pitch copper can be improved 
is by the use of a wider angle or shear vee which increases 
the area of fusion and, therefore, of contact with the 
strong weld-metal. The ./ weld-metal has a gas-welded 
strength of 50,000 pounds per square inch or better 





Fig. 13—Fusion Line Between Phosphorous Deoxidized Base Metal 
P, and the Silicon-Manganese Bronze Weld-Metal, M@. 75 X. Note 
100% Soundness of the Base Meta! to the Fusion Line 


LO. 


Another interesting point is brought out in Fig. 
In a zone approximately 0.05 inch wide, about 0.10 inch 
back from the fusion line, the temperature and time con 
ditions were such as to cause a recrystallization of the 
solid base metal to form very large grains of the order of 
0.800 mm. or a grain growth approximately 12 times that 


of the original metal. A closer inspection of this area 





shows the cuprous oxide to be more or less uniforn 
scattered in these large grains as it is in the original met 
There was no evidence of the formation of the copy 
cuprous oxide eutectic as described by Le Grix. 

A much more satisfactory means of avoiding w 
welds such as those obtained in electrolytic copper 
found in the use of deoxidized copper base metal ry 


: 
Table 7—Results of Tests on Series 4 Welds 
Mark Bend Tests 
Base and Welding Data rensile Strength, Elongation Outside 180° at Flat Elongati 
Rod Amps Volts Speed* PSI in 2 Inches, % of Bend 1.75 Inch R Back In 
P-B 360 51 12 17,670 6.2 Face F at 110 
Root Fat 10 
Fracture in weld Brick red 13% blow-holes, 7% unfused. 
E-A 480 39 12 24,230 Lm, Face F at 60 OR 
Root Fat 10 
Fracture in weld. Brick red. 20% porosity 
P-A 430 $5 12 22,630 10.5 Face: O.K I 
Root s 
Fracture in weld. Brick red. 5% blow-hole sand unfused 
S-A 180 10) 13 17,000 b Face Fat 45 14 
Root F at 60 12 
Fracture in weld. 20% blow-holes 
P-.} 370 50 12 24,300 16.8 Face F at 60 
Root Fat 10 
Fracture in weld and at edge of weld. Weld-metal unsound 
E-¢ £20 43 12 21,500 8.5 Face: F at 120 f 
Root F at 60 . 
Fracture in weld. Brick red. 20% blow-holes and unfused 
P-( 100 54 13 17,330 3.8 Face: F at 180 
Root Fat l 
Fracture in weld. Brick red. 37% unsound and cold lap 
S-( 380 18 12 20,070 D.2 Face F at 180 l€ 
Root F at 60 
Fracture in weld. 20% unsound, 10% unfused 
K-F +10 +7 1] 27 O30 17.3 Face O.K O.K. 
Root F at blow hol 
Fracture at edge of weld and in weld Slight porosity 
P-K 340 t] 29,430 21.0 Face O.K O.K 
Root la F 
y 1 
Fracture in weld and at edge of weld, about 8% unsound 
, " , F 
S-A 340 +4 1] 31,770 37.3 Face O.K } . 
Root F at blow-hok F: 
Fracture at edge of weld and in weld, slight unsoundne F, 
Cc. 
iG $30 iS 3 31,270 21. é Fac O.K I 
Root 
Fracture at edge of weld in base metal 
P-] 340 13 16 33,400 Fact O.K } 28 \ 
Root ) 
Fracture in base metal at edge of weld and in weld Slight unsoundness and cold lap i. 
L 340 $2? 13 31,970 36.3 Face O.K O.K. W 
Root “s I: 
Fracture in base metal near edge of weld, sound 7 
k-M 190) 35 11 26,400 16.7 Pac F at 90 l4 
Root () # fk 
Fracture in base metal at edge of weld 
Il 
P-M 140 33 10 31,870 11 Fac O.K O.K 
Roo . 
Fracture in base metal near weld 
i 
VU 140 33 12 32,800 9.3 Face O.K } 
Root : O.K 1 
Fracture in base metal near weld \ 
* Inches per minute n 
Ff 
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Fig. 14—Electrolytic Copper, Mark E, Carbon Arc Welded with Mark ( 
Filler Rod 


Fig. 15—Electrolytic Copper Base Metal, F, Carbon Arc Welded with 
Silicon-Manganese Bronze Filler Metal, M 


Fig 16—Carbon Arc Weld, Mark S-M, of Table 7 Showing the Entire 

Freedom of Unsoundness or Other Weakness in the Silicon Deoxidized 

Copper Base Metal, S, Welded with the High Strength Silicon Manganese 
Bronze Filler Rod, 


using the same weld-metal, silicon manganese bronze 
Mark ./, with the same practice on phosphorous dé 


oxidized copper, Mark P, we obtain the full strength of 


the soft base metal, 31,130 pounds per square inch Phe 
weld was machined flush and no after treatment give 
Figure 12 shows a macro-section of this weld Che base 
metal shows a 100% soundness to the fusion line Phe 


hot gases have had no deleterious effect on it 

Figure 13 is an enlargement of the fusion zone Phe 
sharp line of demarcation between weld-metal and bas« 
metal occasioned by the lighter color and superior hard 
ness of the former is not so apparent in the higher magni 
heation of Fig. 13. The grains are seen to be continuous 
across the fusion line indicating a true fusion weld 

What is true of the welded strength is also true 
ductility. Weld E-M with the bad notch effect 
sioned by the weakened zone in the oxygen-bearing base 
metal shows only 9% elongation in the tensile tests and 
fails in a */4-inch radius bend test at less than 90 

On the other hand, the weld, P-./, in the phosphorous 


of the 


occa 
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deoxidized base metal shows excellent ductility, 47.3°% 
elongation, in the tensile test as well as a high order of 
ductility in the bend test in which it withstood a 180 
bend and subsequent flat back without failure 

Another point of interest brought out in Table 6 
that it doesn't matter a great deal from the standpoint of 
welded strength as to whether the copper is deoxidized 


with phosphorus or silicon The welded strength and 
ductility shows marked improvement in copper deoxi 
dized with either phosphorus or silicot er that of the 


welded electrolytic copper 

Still another point which is brought 
scurely in Table 6 is that there is a tendency of the phos 
phorus containing weld-metals to develop hot short 
cracks while those 


containing silicon are comparatively 


free of this type of defect Had the welds of Table 6 
been runon rigidly spaced plates instead of as free welds 
hot short effects in the phosphorous alloys would have 
been more pronounced 
SERIES 4 WELDS 

In this series of welds, the set-up Serie is em 
ployed, Fig. ie Also, except lor minor tment ( 
correct the penetration, the current wid oltage 
lable 3 were used lable 7 gives the welding data and 


results of tests A thin wash of 90% fused bora yu 


1OY% sodium fluoride flux in alcohol was painted on weld 
ing rod and base metal 

The tensile test results are the averagt f three test: 
on each weld while there is only one face bend and om 
root bend for each weld All speciny were machined 
flush, i.e. weld reinforcement remov: were tester 
with no after treatment 

Remarks on Resulis of Serve Lt Weld j ( It 
should be understood that, in a umber | the welds o 
lable 7, the heat was too low or the weldi peed to 
high as is evidenced by the unfused lapped meta 
in the fractures In particular the P-A and S-A welds 
should have tested higher than the A-A welds had the 
heat conditions been correct However! eems clea 
from the results of both Series ind Seri welds that 
the 0.06% silicon of the Mark A weldin; I low 
to protect the metal from gas unsoundne \pplegat 
and Austin” found that approximately 0.25%% of silic 
was needed in the welding rod to keep the metal free « 
gas unsoundness in are welding Phey re rt the sili 
as 0.12% remaining in the weld-metal he fine poro 


ity shown in Fig. 6 illustrates the wea resultit 


from insufficient silicon de¢ re 7, with the 
unple silicon of the ./ rod, ( 
strength 

similarly the phosphorus in the weld rod Ca 
I’, is too low to protect the weld-metal trom oxide a 
gas unsoundness in the portion of the weld exposed to thi 
full blaze of the arc Figure 4 is an example of this wea 
ness The Mark B welding rod | nly O.OS4% 
phosphorus leit a deposit whi wa ind underneat 
where the weld-metal was melted and tantly solidified 
while on top, where the metal was exposed to direct ar 
ction, it leit a deposit sieve-like in character 

Figure 14, illustrating the Mark /-C weld of Table j 
shows the weld made up of webs of copper-cuprous oxid 
eutectic which fact explains the “brick red’ color of the 
fracture as well as the low (65%) efficiency of the weld 

Figure 5 with an adequate amount of the phosphorou 
deoxidizer in the L rod fused with a phorous deoy 


dized base metal shows a deposit free of both gas u 
soundness and oxides to the very top 
However, the outstanding featur 
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cellent welded strength and ductility obtained with weld- 
ing rods K, Land M. If 32,000 pounds per square inch 
is taken as an average strength of the three base metals, 
Table 5, we note that, in the deoxidized copper rods L 
and M develop 100% efficiency while in the electrolytic 
copper, they develop from 82 to 95% efficiency. Rod 
K, having a lower tin content than Rod L, develops a 
slightly lower efficiency than the latter. 

The reduced efficiency of the weld made on electrolytic 
copper with the high strength rod, /, is explained by an 
examination of Fig. 15 of the E-M weld of Table 7. The 
normal cuprous oxide of the electrolytic copper, scattered 
as fine specks uniformly throughout the metal, appears, 
in the zone adjacent to the fusion line, to have been re- 
duced by the carbon gases from the electrode. The re- 
sult of this condition is to cause a reduction in strength 
below that of the weld-metal or the original base metal. 

Since the element of time will give more opportunity 
for the migration, formation and reduction of the oxides 
in this zone in the base metal adjacent to the fusion line, 
it is clear that the passing of the welding arc should be 
as rapid as is consistant with good control. 

Figure 16 shows that when a deoxidized copper base 
metal is used with a suitable welding rod, neither gas 
unsoundness nor oxide embrittlement is in evidence. 
Moreover, the element of time is not so important as 
there is no initial oxide in the base metal to give trouble 
and the protecting film of silica glass formed or the weld 
pool reduces the speed of further oxide formation. 


GENERAL CONCLUSIONS 


While this is only a partial record of an extensive in- 
vestigation, it is believed that some important points are 
brought out in the foregoing. Thus: 

1. In any method of welding, appreciably better 
welded strength and ductility are obtained in deoxidized 
copper base metal than in tough-pitch or electrolytic 
copper base metal. This is true whether the base metal 
is deoxidized with phosphorus or with silicon. 

2. The silicon deoxidized copper base metal shows 
better hot ductility than the phosphorous deoxidized 
copper. 

4. In the welding rod for gas welding, the phosphorus 
should be low, of the order of 0.03%, while in an arc- 
welding rod, 0.08% is insufficient. On the other hand, 
0.25% phosphorus makes a satisfactory arc-welding rod. 

If silicon is used as the deoxidizer or strengthening 
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agent in the welding rod, 0.06% is too low for are weldi: 
and 18 also slightly low for insuring soundness in gas we! 
ing. 

4. With either gas or arc welding, the M rod having 3° 
silicon, 1% manganese and the remainder copper, show 
close to the maximum results in both strength and du 
tility. 

The LZ rod, high in both tin and phosphorus, gives ri 
sults as good as those of the M rod in are welds but is u: 
satisfactory for gas welds. 

5. In general, the arc welds show a higher strength i: 
electrolytic copper base metal than do the gas welds. By 
and large, the gas welds can be depended upon for a 
efficiency of only 60% while the arc welds should dé 
velop 80%. 

6. The phosphorus containing rods should be melte 
with a /ong arc while the silicon containing rods are pre! 
erably melted with a short arc. 

7. The phosphorus containing rods can be applic 
only in the flat or nearly flat position while the silicon con 
taining rods can be used to a limited degree in positior 
welding. 
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CRATER FORMATION IN ARC 





By GILBERT E. DOAN! and SHANG-SHOA YOUNG: 


ABSTRACT 


Crater formation is found to be caused by the presence of oxygen 
in arc welding. Penetration on the contrary 1s a function of the rate 
f heat supply to the weld. Welds are made in inert gases and in 
mixtures of oxygen with inert gases, as well as in nitrogen and mix- 
tures of nitrogen with inert gases. A method of correlating penetra- 
tion with the welding current, independent of the rate of advance of 
he arc ts suggested. 

A theory of crater formation is proposed. 


INTRODUCTION 


forming a pool of liquid metal. A force of some kind 

seems to blast on this liquid surface continuously 
during welding producing a depression, technically called 
acrater. This crater should not be confused with pene- 
tration. The latter term means the depth of the pool of 
molten metal in the joint, the pool having perhaps no 
depression whatever in its surface. The depth of pene- 
tration can be seen only when the cross section of the 
weld is properly polished and etched, while the crater is 
visible to the operator during welding. 

Crater formation is thus generally considered an es- 
sential feature of the arc welding process. What, then, 
are the conditions necessary to its formation? Hitherto 
there has been, to the best knowledge of the authors, no 
adequate explanation offered. Many theories concern- 
ing crater formation have been advanced by different 
authors, but none of them is yet fully confirmed by ex- 
perimental data. The object of the present study is to 
investigate the conditions attending crater formation, 
and to try to formulate a theory that will explain the 
phenomenon, one upon which further improvements of 
the welding process may be based 


L ELECTRIC arc welding the base metal melts, 
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Fig. 1—Cross-Sectional View of Welding Chamber 
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REVIEW OF EARLY EXPERIMENTS AND THEORIES 


Early in 1920, while conducting his researches on the 
character‘stics of regulators of the electric furnace, J. 
Kelleher' observed that there was a depression on the 
molten slag under the stream of the arc at normal polar- 
ity, i.e., with the moving electrode being negative 
When the polarity was reversed he noticed that the arc 
started below the surface of the slag, the flame moving 
away from the slag surface and projecting particles of 
slag into the air with considerable force. In the same 
year, W. G. Duffield, T. H. Burnham and A. H. Davis? 
published the results of their experiments on the pressure 
upon the poles of metallic and of composite arcs. The 
pressure on the iron electrode was found to be a few 
dynes at 10 amperes current density. The atmosphere 
in which they performed their tests was not specified. 
At the end of the last decade, R. Tanberg* found the 
force of reaction of the metallic vapor on the cathode to 
be 0.20 gram at 11 amperes and 0.46 gram at 32 amperes. 
He also calculated the electrostatic and electrodynamic 
force acting upon the cathode to be a few dynes under 
his experimental condition. Creedy also published re- 
sults of this nature.*® P. P. Alexander‘ had investi- 
gated the energy distribution between the anode and the 
cathode in the welding arc. He observed that the blast 
of hot gases was stronger from the cathode spot; there- 
fore, when the electrode was made negative, the blast of 
hot gases from the electrode is more powerful than from 
the anode. This resultant blast, he continued, was 
therefore, directed downward which caused greater 
heating of the metal around the positive crater. How- 
ever, he did not mention any connection between this 
resultant blast and the crater formation 

More lately the question of crater formation has not 
received much attention, until in 1932 one of the present 
authors’ advanced the theory that the center of the 
crater was the region of lowest surface tension of the 
liquid iron due to the higher temperature there; the 
metal at the center of the crater, being at higher tempera- 
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Fig. 2—Longitudinal Cross Section of Ay F sratus for Experimental Weld 
ing in Pure Gaseo—All Di. ensions in Inches 
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Fig. 3—View Showing Chamber, Feeds and Control Panel 





Fig. 4—View Showing Supply Tank and Glass System 


ture and hence possessing lower surface tension, spread 
out radially to the sides thus forming a depression. He 
based his inference upon the experiment of W. C. Roent 
gen® in passing ether vapor over a water surface in which 
a depression of the water was formed where the ether 
concentration was greatest. 

The crater phenomenon received further attention 
when Doan and Schulte reported their results on arc 
welding in argon gas.” Using pure iron as electrode and 
as base metal in a pure argon atmosphere, they found no 
crater whatever under the arc. This fact cannot be ex 
plained by any of the theories mentioned above. It 
was, therefore, inferred that crater formation is not an 
inherent characteristic of the iron are but a phenomenon 
associated with the presence of air. 

Dr. C. G. Suits’? had found that dissociation of dia 
tomic gas molecules such as hydrogen in the arc, and thei: 
recombination at the metal surface effected a large part 
of the heat transfer of the arc. He, therefore, explained 
the absence of crater, reported by Doan and Schulte, as 
due to the lack of heat transfer to the weld by the dis 
sociation-diffusion-recombination process in the case of 
monatomic argon. 

Space-charge pressure due to corona of several thou 
sand volts was reported to be negligible by A. Gemant!! 
recently. 


s 
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These above-mentioned facts indicate that the n 
terious force which causes the crater formation is not 
electrical nature. Dr. Suits’ theory seems to offer a 
way out, but meets opposition in Doan and Bou 
work, '* who found that there was no crater in the cas: 
welding in hydrogen atmosphere although hydrogen 
diatomic gas, highly dissociated in the arc stream 
cording to Dr. Suits. Since it seems indicated in 
last few paragraphs that crater formation is not 
marily of electrical nature but a mechanical or chemi 
phenomena, attention is focused in the present stu 
primarily on the atmosphere in which the welds are m 
as described below. 


DESCRIPTION OF APPARATUS 


In order to have complete control of the atmospher 
in which the experimental welds were made, a1 
tight chamber made of copper was used. It is ful 
described in reference 7. A cross-sectional view of 1 
chamber is reproduced in Fig. | The larger compart 
ment on the right is the arc chamber where actual we! 
ing is done. A glass window is provided for obser 
tion, shown at the extreme right in the picture. Or 
bottom of this compartment there is a carriage or n 
able table, D, which is driven back and forth by a | 
screw fitted on the lower side. A smaller compartm 
on the left half of Fig. 1 is called the auxiliary chamber 
which a ‘“‘misch-metal”’ arc is installed to purify the 
if necessary. The two compartments are connected 
each other through two tubes as shown in the figur 
Gas is introduced into the auxiliary chamber through t 
tube on its top cover. A longitudinal section is sh 
in Fig. 2 and two exterior views in Figs. 3 and 4 

During welding the gas inside the chamber or pas 
through it is heated up and begins to expand. The 
reservoir is, therefore, provided to compensate for t 
change and keeps the pressure inside the chamber « 
stant. When oxygen is mixed with an inert gas 
volume may even decrease. Then the gas from the 1 
ervoir will go into the chamber. Heavy machine oil 
used in the reservoir as a seal. While the chamber 
being evacuated the reservoir is cut off from the sy 
by closing a stopcock 


MATERIALS 


A cylinder of about 200 cubic feet of helium was 
plied by the Air Reduction Sales Company for wl 
generosity the authors are indebted. The gas wa 
commercial purity, 96[% helium, with 38% nitro; 
'/5%, methane and traces of hydrocarbon gases as 
purities. Argon, 99%) pure, nitrogen, 99.8°) pure 
oxygen, 99.5[) pure, were procured and used in the 
received’ condition. 

Ihe wire electrode was of soft steel, '/s inch in diame 
wound on a reel. The base metal was cold-rolled m 
steel bar of 2 x '/2 and 2x '/4-inch sections. High purit 
of the gas or of the steel was not a necessity so far as thes 
studies are concerned. This point will be explained 1: 
later section. 


EXPERIMENTAL TECHNIQUE 


lo prepare for a welding test, specimens of V-gro 
or plain rectangular cold-rolled steel are bolted ont: 
movable table in the welding chamber. The c 
plate is then tightly secured to the top of the chamb 
with twelve bolts. They are insulated from the c 
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Fig. 5—All Welds Made at 120 Amps., 22 Volts Across the Ar Notice the Crater Caused by the Presence of Ox 


plate by fabric sleeves and washers. In addition to the 
stuffing box described above, all joints are sealed off with 
picein,’’ commonly used for vacuum work. 

[he whole system is evacuated by an oil pump made 
by the Central Scientific Company capable of attaining 
1 vacuum as low as 0.001 mm. of mercury. With the 
complex apparatus for are welding, the vacuum is read 
toonly 0.2 mm.of mercury. After half an hour of pump 
ing the desired vacuum, 0.2 mm. of mercury, may be ob 
tained if all of the wax joints are good. Failure to 
reach that condition indicates that there is leakage some 
where in the system, arid a search must be made to dis 
cover it. In the section of glass tubing of the vacuum 
system, there are five stopcocks sealed with “vacuum 
grease.’’ They remain gas-tight when grease has bee 
properly applied and no dust gets into them. The 
vacuum of the glass section can be held for days or weeks 
without appreciable loss. Whenever there is a hair 
crack on the tubing it can be quickly detected with the 
aid of a leakage tester, and remedy is made in no time 

Much trouble comes however in maintaining a vacuum 
in the welding chamber on which there are eight wax 
joints; two of them having a circumference of more that 
ten inches. The leakage tester is useless here, and a 
blind searching method has to be used. Sometimes all 
the seals have to be torn down, and new ones made. It 
has been found by experience that the seals, except the 
one for the wire electrode and the one for the lead-screw 
which have to be broken, will remain intact if the cham 
ber does not become too hot during welding. If only one 
line or one layer of weld is made the chamber becomes a 
little warmer than body temperature. In case several 
lines and layers are made, cooling water is sprinkled over 
the chamber in intervals to keep it cool 

The welding chamber is made of copper tubing welded 
together, with a rubber gasket between its top flang: 
and the cover plate; it is by no means a vacuum-tight 
vessel. The vacuum loses about | cm. of mercury in 
in hour after the pump has been stopped 
the desired vacuum is reached, gas or a mixture of gases 
is quickly and carefully introduced into the chamber, 
or started passing through it, and the weld is made in the 
shortest possible time. Thus, the pressure difference 
becomes nearly zero, arid leakage is reduced. The time 
required for a single weld is one-half to four or five 
minutes according to the current and the size of beads 

Care is taken to insure complete control of the voltage 
across the arc, the speed of feeding the electrode and the 
speed of the work travel. The phenomena during weld 


ing are observed through the front window on the cham 
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WELDING IN HELIUM 





For s-Inch electrode a current I im pere wa 
found by exploratory tests to make good welds Phe 
first few welds in helium were therefore, made at 120 
amperes with 22 volts across the ar Che open circuit 
voltage of the welding generator was SO It Che ar 
length varied from '/,; to inch long, estimated visually 
Under these conditions the are is quiet and stabk \ 
large globule of liquid metal forms at the end of the wir 
and drops down like water dripping from a pipett Phe 
so-called “‘pinch effect” in are welding does not seem to 
work here The molten metal deposited the bast 
metal merges with the metal deposited previously and 
assumes a conven sphe rical shape at the end of the layer 


When the current is interrupted the round « 
forming a bump 
There is 1 

Chen the specimen was taken out and exa 
weld had a bright metallic luster, but app 
many holes being left on the surf yy the 
Even under the smooth skin, blow 


The appeal ce | how! 
10 crater observed at am tage 


when a cross section is cut and examin 


little penetration into the base metal althou 


of travel was varied so that the ar tr 

the work piece after each drop is deps 
Copious black powder d 
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Welds at currents up to 300 a1 
made No crater has been observed | 
istics of high-current welds are discu lat 
paper in connectio1 with penettr 
crater 


WELDING IN ARGON 


In order to obtain a compar 
argon of commercial purity (99°, ars 
at 120 amperes ind 22 volt N rate! 


observabl the arc is stabl 
form on the wire electrode: black pow 
wall ol the chamber t he end 
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shown in Fig. 5(6), and the weld contains many blow-holes. 
There is a little penetration into the base metal (Fig. 6(d)). 
This slight penetration, not observed by Doan and Schulte 
when using pure iron, may be due to impurities in the 
mild steel used in the present experiment. There was, 
however, no crater formation whatever. 

The phenomena observed in welding in helium are 
thus almost identical with those in argon. It appears 
that these inert gases behave quite similarly in arc weld- 
ing. Knowing from previously reported studies that 
non-crater characteristics persist in argon of commercial 
purity as well as of high purity, the authors did not at 
tempt to purify the helium further. 


WELDING IN HELIUM MIXED WITH OXYGEN 


Since craters are absent in these oxygen-free systems, 
but present in air where oxygen is present, a number of 
welds were now made in atmospheres of helium mixed 
with oxygen in various proportions. The current was 
kept as close as possible to 120 amperes, and the are 
voltage to 22 volts, as before. 

An atmosphere of 80% helium and 20% oxygen was 
used first. A quite definite depression in the liquid 
surface is noticed although the crater is not as deep as 
that observed in air under the same conditions. As in 
air the arc is accompanied by a shower of sparks. There 
is no large globule attached to the wire electrode but 
rather small drops of liquid metal rain down rapidly. 
After the current has been interrupted a permanent crater 
is left at the end of the layer, as shown in Fig. 5(c). The 
weld has a gray-colored surface and looks fairly solid 
Examination of a cross section reveals a deeper penetra- 
tion (Fig. 6(c)) than that obtained by welding in commer- 
cially pure helium (Fig. 6(a)). The weld is not porous but 
contains a few gaseous inclusions. 

The oxygen content was then increased to 30%, the 
current and voltage across the arc being kept the same as 
above. The arc now cuts deeply into the base metal, 
penetrates the '/,-inch plate and deposits metal on the 
movable table beneath. The oxidation is so intense 
that the atmosphere in the chamber becomes densely 
foggy. The base metal is heated red hot. A crater is 
observed all the time welding is proceeding, and a per 
manent one is left at the end of the layer. Further in- 
crease of oxygen content in the welding atmosphere is, 
therefore, not advisable as the reaction will be too violent 
to furnish any clear view at all, and there is no doubt 
that thicker base metal will be cut through as in flame 
cutting. 

An atmosphere composed of 10% oxygen and 90% 
helium was then used. The phenomena observed were 
much the same as with 20% oxygen; only the oxidation 
is not so fierce, and the crater and the penetration are 
not so deep. 5% oxygen was then mixed with helium. 
A crater is not distinguishable during welding, and no 
trace of it is left behind when the specimen is taken out. 
It appears that more than 5% oxygen is necessary to pro- 
duce acrater. (It should perhaps have been pointed out 
above that in these experiments the composition of the 
mixture of gases is kept nearly constant by passing the 
mixture continuously through the chamber during weld- 
ing.) ' 


WELDING IN ARGON MIXED WITH OXYGEN 


Similar experiments were now carried out with argon- 
oxygen mixtures by circulating them through the welding 
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Fig. 6—Cross Section of the Welds Shown in Fig. 5. 
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permanent depression is left at the end of the layer, as 
shown in Fig. 5(d). The weld appears fairly solid. Pen¢ 
tration is moderate. In general, the phenomena ob 
served are about the same as in 80% helium and 20' 
oxygen. The only difference is that the arc seems shorte! 
in the argon-oxygen than in the helium-oxygen atmos 
phere. 

It seems desirable at this point to summarize the evi 
dence thus far concerning the influence of oxygen 1 
crater formation. Figure 5 shows the appearance of th« 
welds made in four different atmospheres, namely (1! 


chamber. The first mixture used was 80% argon, 20% commercially pure helium, (2) commercially pure argon 
oxygen. A crater is observed during the welding, anda (3) 80% helium plus 20°% oxygen and (4) 80% argo! 
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Fig. 7—From Sample (C), 150X 


plus 20% oxygen. The difference in crater formation 
caused by the presence of oxygen is obvious in Fig. 5. 
With regard to penetration Fig. 6 shows the cross sections 
of the same set of welds. It should be noted that the 
halo around the weld indicates the temperature 
gradient and thus the heat available for penetration. 
It will be seen that the depth of penetration, thus, is 
also related to the oxygen content of the atmosphere. 

Figure 7 shows the junction between the deposited 
metal and the base metal. They have diffused into each 
other. All four welds in Figs. 5 and 6 have this same 
microscopic appearance at their junctions. The micro- 
graph of the cross section is typical for welds. Being 
quenched from a high temperature, the deposited metal 
has a martensitic structure. The base metal im 
mediately adjacent to the weld suffers grain growth. 
As the temperature gradient falls off gradually the grain 
size of the base metal decreases proportionally with it 
Beyond a certain limit the grain size remains un 
affected. In Fig. 6 the halo in the macrograph marks 
the range of structural transformation. 


WELDING IN NITROGEN 


lo determine whether or not a diatomic but non-oxi 
dizing gas would behave differently with respect to crater 
formation than the mon-atomic inert ones, a number of 
welds have been made in nitrogen of high purity (99.8% 
nitrogen). The result is negative. A weld section is 
shown in Fig. 8. In that respect nitrogen is similar to 
helium and argon. On the other hand, at the same cur 
rent density and arc-voltage, a weld made in nitrogen 
has better penetration than one made in pure helium or 
argon (compare Figs. 6 and 8). This was the first evi 
dence observed in these studies that penetration could be 
obtained in the absence of crater. 


WELDING IN MIXED GASES 


Atmospheres made up with 80% nitrogen plus 20% 
helium and 80% nitrogen plus 20° argon were then 
used for welding, other conditions being kept the same. 
[he phenomena observed are similar to those observed 
in pure nitrogen, namely, no crater but moderate pene- 
tration. With 20% nitrogen plus 80% helium and 20% 
nitrogen plus 80% argon, the welds made therby re- 
semble those made in pure helium and in pure argon, 
respectively. 
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SUMMARY ON CRATER FORMATION 


he results observed in connection with crater forma 
tion are compiled in Table 1 to offer a survey of the whole 
situation. With these data on hand it seems clear that 
the presence of oxygen is the cause of crater formation 
under these experimental conditions. Oxygen may not 
be the only element capable of producing crater in arc 
welding, but it is surely the element which causes crater 
formation in the case of welding in atmospheric air. 


Table | 
Ar Open Circuit 
Current Voltage Voltage 
Atmosphere Amps Volts Volts Crater 
He 120 22 80 
70% He + 30% O 120 22 80 
80% He + 20% O 120 29 gO) 
90% He + 10% O 120 22 a 
95% He+ 5%0 120 22 SU 
80% He + 20% N 120 22 80 
A 120 22 80 
RO% A } 20% 0 120 oF Qi) 
80% A + 20% N 120 22 80 
N 120 22 80 
80% N. 906 He 120 99 Ri) 
80% N2 + 202% A 120 2 i) 
19% Nz: + 21% 0 120 22 6 + 
Note l. { sign means absence of crater while (+-) sign, its 
presence. 
Note 2. Rate of travel was adjusted for each gas to give best 


chance for crater to form 


PENETRATION ; 


As previously pointed out penetration is different from 
and does not depend upon crater formation. Its oc- 
currence deserves careful study. To this end a series of 
welds has been made in helium at different currents and 
different arc-voltages. The current-voltage combina 
tions are so chosen that a stable arc and a smooth weld 
can be obtained. (It should be emphasized that there is 
no crater up to 180 amperes, 25 volts across the are and 
90 volts at the open circuit generator Below 90 volts 
the arc is not stable rhe penetration increases with in 


creasing current densities up to 150 amperes. As shown 
in Fig. 9 the penetration is less at 1SO amperes, simply 
because the speed of traveling is faster The factor of 


speed can be corrected for if the ratio of the depth of 
penetration to the radius of the outer halo is computed 
as illustrated in Fig. 10. Thus, calculated the extent of 
penetration appears to be the greatest at ISO amperes 
current. These ratios are tabulated in Table 2 If the 
ratio (P/R) in Table 2 is plotted against the square of the 
current, a smooth curve may be obtained as in Fig 
11. Although correction should de made for the vol- 
idered as the rela 


tages This ratio (P’R) may be « 
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Fig. 9—All Welds Made in Helium with 90 Volts Open-Circuit Voltage 
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tive penetrating power of different currents at the 
length of time for heat flow. 

The evidence is sufficient to indicate that penetrat 
may be secured without the presence of a crater, altho: 
the latter is always favorable for the former. The 
mon belief that crater formation 
tration is, therefore, disproved 


( 


is essential for p 
It should be remar 
here that nitrogen does not cause crater formatior 


marily nevertheless it aids penetration 


INTERPRETATION OF RESULTS 


[here are several possible reasons why oxygen 
a crater to form |) Oxygen oxidizes liquid iron forn 
an oxide solution on the surface of the globule and 
surface of the liquid pool beneath it. This oxid 
tion probably lowers the surface tension of the lig 
metal. The fact that very small drops but no | 
drops are formed on the end of the electrode when oy 
is present indicates, but does not prove, that the sur 
tension of the steel is definitely lowered by the prese: 
ol oxygen 

lhe simplest explanation of the entire crater phe: 
non would thus be that the blast coming continu 
from the electrode strikes this pool of liquid metal ha 
a low surface tension due to its oxide content, and bl 


' 


qd ) 


it out of the hotter center thus producing a depressi 
a crater. When the oxide solution is absent as 

inert gas atmospheres the blast has the same str 
force but is unable to produce a crater in the 
free and therefore high-surface-tension 


liquid 
With only 5 per cent oxygen present the solution 1 
formed or is too dilute due perhaps to removal 
from the atmosphere by the scavenging action 
iron vapor before it reaches the pool. With 50 pet 
oxygen the cratering effect is marked, both due t 
surface tension of the liquid and due to thermo-che1 
heating and actual burning, as with 
torch. 


ol « 


1 


the Oxvact tyl 


It is quite possible, of course, that the force of the 
may change also with change in the are atmospher« 

rhe concentration gradient of oxygen from the c 
of the crater toward its edges might be expected t 
a high-oxygen region at the center 


Che spreading efi 
of the material in this region unaided by any blast n 
produce a depression as in the ether-wacer experiment 
Roentgen. At these very high temperatures, howé 
such as those which probably obtain at the center ot 
crater, iron oxide may on the contrary dissociate m 
rapidly than it forms. Nevertheless, it is conceit 
that both the oxygen concentration gradient and 
temperature gradient working together may produc: 
depression without the aid of the blast. In either « 
however, crater formation would depend upon a lowe! 
surface tension of the liquid metal in the pool. 

Che penetration phenomena can be treated as duc 
simple heat flow. The lines of temperature gradient 
isotherms, are clearly revealed on the etched cross 
tion of the weld. They assume approximately the 1 
of spherical waves. Referring to Figs. 6 and 9%, 
curved line between the deposited metal and the ba 
metal indicates that the temperature has reached 1 
melting point of the steel, 1500° C., at this line 7 
limit of the halo marks the range of grain growth whi 
occurs at a definite temperature for certain kind of ste: 
probably about 700° C. for this steel. Down to 
1500° line the steel melts, mixes with the deposited meta 
and leaves a line of penetration afterward. There 1s! 
doubt that crater action also facilitates a more rap 
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CS therefore, a function of temperaturt 1 time N 
o> matter how high the temperature of the ar ufficient 
Oo time must be allowed for the heat to flow ( etal 
ZO04 a —_ , if penetration is to result he decrease of penetratiot : 
oa at 1SO amperes in helium occurs bi the base metal . 
5 travels so fast, due to the rapid melt : 
SS trode It should be noted that not the penetrat ; 
bd falls off but also the range of gra | 3 
303 current, due to the increased speed of travel. 1 ’ 
< of the depth of penetration to th raqdiu 1 thie il j 
measure of the relative penetrating | ver ot the different . 
-_ currents at approximately the ‘ 
= heat flow Chis result is best $ 
=0,2 in Fig. 1] é 
— : 
a } 
a CONCLUSIONS , 
t 
=O! = / T Phe presence Of oxygel both in air and 1 inert ’ 
o. gases, permits crater formation in metal] irc weldit 
a [he mechanism probably is a lowering of the surfac ; 
=) tension of the liquid iron by solution of ygen or irot G 
= oxide in it s 
a 0 2 2 Penetration can be obtained in the abse1 } 
0 (0 ZO 30 40 crater by (a) using a diatomic gas, nitrogs is atn ' 
phere, and (b) by using high currents with inert ga 
Square oF Current «107° 
Fig. 1l—Plotted from Table 2 ACKNOWLEDGMENTS 
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flow. But if a sufficient supply of heat is provided a : 
crater is not necessarily required to effect penetration , 
\s proved in the present experiment, this large amount REFERENCES 
! f heat may be derived from high currents hus, as 
shown in Fig. 9, good penetrations are obtained by weld k ~ 
ing in helium where there is no crater observed Che 
fact, that welds made in nitrogen at 120 amps. hav woe tA 5. . 
better penetration and yet in the absence of a crater, ' tr 
may be due in part to the explanation of Suits the oA 
diatomic molecules of nitrogen transmit the heat, de = oe 
veloped in the arc, to the base metal more effectively by il, 
the dissociation-diffusion-recombination process while Doa: 
the monatomic helium or argon are poor carriers of heat, ~ oe 
ind welds made in them have consequently less pene . ' 120 ; 
tration than those made in nitrogen at the same current 
\lso the positive crater may be hotter in N» than in Hi , 
r Argon. 224 : 
Since penetration is a function of heat supply it . 
’ 
: 
: | 
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RESIDUAL STRESSES DUE TO 





By E. L. ERIKSEN? and 
I. A. WOJUTASZAK' 


ESTS* were made on a series of three welded speci 

mens of 20 inch O.D. pipe with 1-inch wall thickness 

and four welded specimens of 8 °/s inch O.D. pipe 
with '/.-inch wall thickness for the purpose of establish 
ing the variation in the residual stresses produced pri- 
marily by stress relieving but also by other differences in 
the history of the specimens. The specimens were all 
18 inches long, consisting of two 9-inch lengths of pipe 
joined together by a circumferential electric arc weld as 
shown in Fig. 1. All pipes were open-hearth, seamless 
steel with carbon content not over 0.30%. Three of the 
specimens were stress relieved at 1200” F. for 8 hours 
A summary of the specimens follows: 


Specimen No 
Pipe Size 

(O.D.) 20 in. 20 in. 20 in. 85/sin. 85/sin. 85/sin. 85/s in 
Wall Thick- 

ness 1 in 1 in 1 in \/yin '/yin o in 
Stress Re 

lieved Yes No No Yes No Yes No 


2 3 { 5 6 7 
» in 
Results of these tests are tabulated in the following 


table giving only max. values of longitudinal and cir- 
cumferential stresses. 





No Out- 


of side Wall Stress Max. Max. 
Speci- Diame- Thick- Re- Longitudinal Circumferential 
men ter ness lieved Stress Stress 
1 20 in 1 in. Yes + 8,500 1b./in.2 4,000 Ib./in.? 
2 20in 1 in No #650,000 Ib./in.* 32,000 Ib./in.? 
3 20 in. 1 in No # 45,000 Ib./in.2 26,000 Ib. /in.? 
4 85/s in. 1/, in Yes + 3,500 1b./in.2 2,500 Ib./in.? 
5 85/s in. 1/, in. No 24,000 Ib./in.? 17,000 Ib./in.? 
6 85/, in. 1/, in Yes + 5,000 lb./in.2 3,500 Ib./in.2 
i 8*/s in. 1/, in. No 25,000 Ib./in.? 13,000 Ib./in.? 


+ Indicates tension. 
+ Indicates tension or compression. 


In order to determine the circumferential residual 
stresses, one-half of the pipe specimen with circumferen- 
tial weld shown in Fig. | is first laid out into a number 
of rings as shown by dotted lines 0-0’, 1-1’, . . . 5-5’. 
Reference marks are carefully made at the ends of two 
perpendicular diameters of each ring (see Fig. 2) and the 
distances d; and dz are measured, from which the mean 
° Paper to be presented at Annual Meeting, A. W. S., Detroit, Mich., Oct 


16 to 21, 1938. Contribution to Fundamental Research Division of Welding 
Research Committee 


t University of Michigan, Ann Arbor, Michigan 
z These tests were made through the Department of Engineering Research, 
University of Michigan for Philadelphia Electric Company. ; 
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Circumterential Welds in Pipes 


diameters d;, and d2,, of the ring in the directions d, 
d, are determined. The mean diameter of each rin; 
then 


yy 
4 


We now begin to release the circumferential residual 
stresses in the pipe by cutting it up into rings along tl 
lines 0-0’, 1-1’, . . . 5-5’ (see Fig. 1). The new distances 
d,' and d,’ are now measured for each ring and we dete: 
mine the new mean diameters d,,,’ and do,’ in the diré 
tions d,’ and d,’. The new mean diameter of each ring is 
given by the formula 


Un 


The circumferential residual stresses released thus far 
are found from the equation 


where Ad,, = d,,’ —d,, These stresses are either d 
rect compressive or direct tensile stresses. 

We can still further release the circumferential residual! 
stress in each ring by slitting it open as shown in Fig 
The stresses released in this manner are caused by 
moment M which is given by the equation! 


l l M 
€&* 2K] 
where 
Ya dim’ + doy : 
2 
while 
I =the centroidal moment of inertia of the slit secti 


of the ring. 
M = the moment, applied to the slit ends of the r 
shown in Fig. 3, which is required to open the rin; 
Having the value M found from Eq. (3), the mag 
tude of the circumferential residual stress at the extren 
fibers of the ring is 


wf. 
S, = «Eh { - 


where / is the thickness of the pipe wall. Since 1 
stress S is caused by a moment, it is tension at the int 
wall and compression at the outer wall (or vice versa 
The total circumferential residual stress is found ft 

Eqs. (2) and (4) to be 


A a= Si = Se 





1 See Stremgth of Materials, 2, p. 459, by S. Timoshenko ,1930 
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The determination of the longitudinal residual stresses 
is much more difficult and uncertain than that of the 
circumferential residual stresses. Imagine a narrow 
ring including the weld and a portion of the pipe metal to 
be at a temperature of molten steel while the rest of the 
pipe is at room temperature. When this hot ring cools, 
it will tend to shrink but since it cannot shrink freely due 
to the adjacent pipe metal, it will set up longitudinal 
stresses in the pipe due to bending of the pipe wall, simi- 
lar to those which would be set up by a narrow ring 
shrunk onto the pipe. The longitudinal stresses set up 
in this manner can be found by applying the theory of a 
beam on an elastic foundation. 

In order to apply the theory of a beam on an elastic 
foundation in the determination of longitudinal residual 
stresses in pipes due to welds, the following technique 
was used. Tongues were sawed in the walls of the pipe 
as shown in Fig. 1. These tongues were 7 inches long 
and about '/, of an inch wide. Readings were taken to 
find the amount of deflection at the free end of the tongue 
after the tongue was sawed out. 

Taking the origin of coordinates at the free end of 
the tongue which coincides with the center of the weld 
as Shown in Fig. 4, the equation of the deflection curve is? 


Pa 
y = — se * (cos Bx + sin Bx) (6) 
, 86° El 

while the moment is given by the equation 
is, P re - 
UM = —EI — = — — e~** (sin Bx — cos Bx) (7) 

dx* 48 
P, ; 
where — — = shear in tongue for x 0 


M, = moment at x = 0 


y = deflection of the tongue, for any value of 
x, taken positive when downward 
& = modulus of elasticity 
I = centroidal moment of inertia of cross- 
sectional area of the tongue 
e = base of natural logarithms (= 2.7183) 
4/5 ee 
8 = }3(1 — u") 
r*h* 
Poisson’s ratio (taken equal to 0.3) 
r = mean radius of the pipe 
h = thickness of pipe wall. 


From Eq. (7) we find, by putting x = o 


Po 
SB° EI 


6 = (y)x-0= () 


* See Strength of Materials, pp. 404 and 517, by S. Timoshenko, 1930 
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and from Eq. (7) 


As mentioned previously, readings were taken to 
determine the deflection of the free end of the tongue, 
i.e., (V)x=0 = 6. Substituting this value of (y),-9 into 
Eq. (8) we determine the magnitude of P, and then 
Eq. (9) yields the value of /,. 

In determining residual stresses we are, of course, 
primarily interested in the maximum value of thes 
stresses. It is found from Eq. (7) that .V, is the maxi 
mum value of M and so we use \/, in determining the 
maximum longitudinal residual stress 

Thus, the maximum longitudinal residual stress is 


(S,). 10 


If we wish to consider the reinforcing effect of the 
surplus metal of the weld, 1.e., the portion of the weld 
metal extending beyond the outer wall of the pipe, we 
may determine the longitudinal residual stress on the 
basis of the moment .V/ acting at the edge of the weld. 
If the average width of the weld is a and stress concen 
tration is neglected, then the maximum longitudinal 
residual stress would be given by 


h(M), 
2] 


where .VZ is given by Eq. (7). 


LABORATORY PROCEDURE OF TAKING DATA FOR THE 
DETERMINATION OF RESIDUAL STRESSES IN PIPES 
DUE TO WELDS 


One-half of each specimen was laid out into rings, 
0-0’, 1-1’, ...5-5’ as shown in Fig. 2 and at the ends 
of two perpendicular diameters of each ring, small screws, 
with protruding heads, were inserted. The protruding 
screw heads contained reference marks used for the 
purpose of taking measurements. 

All measurements were taken with the aid of micro 
scope micrometers reading to 0.001 mm. These micro 
scope micrometers were attached to a heavy steel plate 
and thus were fixed in position a certain distance apart 


so that only the micrometer slides were movable. The 
pipe specimens were placed in saddles which allowed the 
reference points upon which the microscope micrometers 
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were focused to slide back and forth under the micro 
micrometers. Not than five readings of 
each reference point were taken and the mean of these 
values used. Also for each position of the reference 
points at least two independent sets of readings were 
taken and the results of these two sets of readings were 
averaged. The fixed distance d, between parallel cross 
hairs of the micrometer microscopes when the micrometer 
reading was zero was obtained by focusing them on the 
marks of a steel scale. <A slight error in measuring 
this fixed distance d, would affect the results but very 
slightly. 

Figure 5 shows the position of the reference marks 
relative to the microscope micrometers when readings 
are being taken. The four reference marks on each 
ring are identified by the four letters A, B, C, D, while 
the subscript of each set of letters gives the number 
of the ring. For the set-up as shown in Fig. 5, we set 
the cross-hairs of the microscope on the reference marks 
A, and C, and read the micrometers. Thus, the distance 
1,C, between the reference marks is equal to the sum 


scope less 





of the two micrometer readings and the fixed distancs 
/, between the cross-hairs of the microscope micrometers 
when the micrometers are set at zero. By measuring 
the the reference mark from the outside 
surface of the pipe and the thickness of the pipe wall 
we can find the mean diameter of the pipe for the given 


pe Sitions. 


distance of 


On the left half of the pipe shown in Fig. 1, tongues 
were laid out parallel to the axis of the pipe. The 
longitudinal axes of these tongues were in axial planes 
of the pipe making an angle of 90° with each other 


and reference marks at the ends of two perpendicular 


diameters were used for this case as were for the case 
of the rings explained above 
the pipes additional reference marks were provided 
on theNtongues to determine their longitudinal deforma 
tion 


see Fig. 5) 
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After all the initial microscope micrometer readings 
were taken the right half of the pipe specimens wer 
cut into rings along the lines 0-0’, 1-1’, 5-5’ (ser 
Fig. 1) while tongues were sawed in the left half and tl 
readings on all the reference points repeated. The rit 
were now slit open and a third set of readings taken 
these reference points. 


CONCLUSIONS AND REMARKS 


Probably the most important conclusion to be drav 
from the results found in the table is that t 
residual are decidedly lowered by stress 
lieving at 1200° F. It is to be remarked in this « 
nection that tests by other investigators on 0.2 
carbon steel show that stress relieving at 1200° F. t 
the ductility about 50°, and 
ultimate strength about 30°, 

It may be mentioned that the 
circumferential stresses given in the 
more accurate than that of the longitud: 

Che circumferential wert 
by simply transforming the elastic recoveries into str 
while a more complicated theory was 
calculation of the longitudinal stresses. 

It is also disturbing to the investigator to find lon 
tudinal stresses of 50,000 Ib , a Stress that is be) 
the yield point of the pipe material as well as the w 
material. This may indicate that the calculations or tl 
longitudinal stresses mean very little or it may m¢ 
that there has been quite a considerable stress locked uy 
in the original pipe before welding or that a 
amount of strain hardening has taken place. 
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order to get a more definite picture of the stresses 
ip by the actual welding process, it seems necessary 
that a much more comprehensive study should be made 
luding an investigation of the original residual 
stresses in the pipe. 


{nd finally suppose the 50,000 Ib./in.* stress simply 
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point must not differ too much from that of bass 
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uid must be free from cracks, blow-holes and other 


defects. 
White cast 


, 


las Iie 


iron has been used for hard surfacing but 
ve! 
iron were alloyed with chromium Q) 
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are much harder. The hardness of 
iron depends on the carbide content, the hardness of the 
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Table 2—White Cast Iron or Stellite Deposited on Austenitic Cast Iron or Steel 


Base 
No Metal Rod 
White Cr-Ni cast iron 
White austenitic cast iron 
White Cr-Ni cast iron 
Stellite 


2 Austenitic gray cast iron 
} Austenitic gray cast iron 
} 13% Mn steel 

5 Mild steel 


a rod containing 3.1 total C, 0.58 Mn, 0.85 Si, 1.42 Cr, 
and 3.05 Ni. 


Not heat treated 
Held 15 min. at 825° C., air cooled 
Held 15 min. at 825° C., oil quenched 


635 Brinell 
670 Brinell 
660 Brinell 


With pearlitic gray cast-iron base metal a very ad 
herent surface of 460-610 Brinell was secured. The low 
thermal conductivity of the gray cast iron and the 
presence of graphite, which favors mottled structure, 
must be borne in mind in hard-facing gray cast iron. 
Austenitic gray cast-iron base metal is easily hard sur 
faced with Cr-Ni cast-iron rods (No. 12. Table 2). 

Coatings of austenitic white cast iron on mild steel 
have uniform hardness (460-470 Brinell) and the struc 
ture of the junction zone is practically free from graphite. 
Uniform hardness is secured with the austenitic rods of 
pearlitic gray cast iron, but, as with the martensitic rods, 
the junction zone contains graphite. There is no diffi- 
culty in depositing adherent surfaces of the austenitic 
rod on austenitic cast-iron base metal. 

Alloys with 5-15 Sn, 50-60 Ni, rem. Cu, are princi 
pally used for valves and fittings for superheated steam. 
Their structure is similar to ordinary high-tensile bronzes. 
[The Cu-Ni-Sn alloys have better frictional properties 
than Cu-Ni alloys and resemble bronzes. The hard- 
ness is 250-350 Brinell and is not greatly changed up to 
500° C. The following alloys were used in the welding 
tests. 


(a) 2.5 Si, 8 Sn, 39.5 Cu, 50 Ni 
(b) 3.5 Si, 4 Sn, 27.5 Cu, 65 Ni 


Both alloys were 350 Brinell at room temperature and 
315-320 Brinell at 450° C. A reducing flame was 
used with a tip 0.32 inch diameter. Anhydrous boric 
acid was used as flux. Porosity is decreased by adding 
manganese to the alloys. An oxidizing flame yields un 
satisfactory deposits. The technique was the same as 
with cast-iron rods. Results are summarized in Table 3. 

With Monel Metal (120 Brinell) as base metal, an 
extremely tenacious surface (450 Brinell) is obtained. 
On soft steel the adherence is very good and the hard- 
ness is 420 Brinell. On account of the small difference 
in melting point between the bronze and pearlitic gray 
cast iron, surfacing is easy to perform, but the presence of 
graphite creates large variations in hardness. Uni 
formity of hardness is secured by depositing several 
layers, which is also true with austenitic gray cast-iron 
base metal. 


SUMMARY 
The flame must be carburizing for both white cast- 


iron and bronze rods. A large tip is essential. On mild 
steel base metal two layers 0.12—0.16 inch thick are 
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Brinell Num 

Composition of Deposit, % Hardness | 

Total of Oo 

C Mn Si Ni C1 Surface Lay 
3.40 0.59 1.10 2.28 1.50 638 
3.18 0.76 1.49 10.30 5.02 463 

3.14 0.73 1.3 1.98 1.45 590 9 
540-570 


usually adequate. On cast iron three layers 0.20~).24 
inch thick should be deposited. To prevent distortion 
of the part to be surfaced it should be preheated. Costs 
are low for both types of rods. 

Two compositions are recommended for white, marten 
sitic Cr-Ni, cast-iron rods: 

l. 3.5-3.8 total C, 0.7—1 Si, 0.5-0.8 Mn, > 0.2 P 
1.8-2 Cr, 1.5-2 Ni. 

2. 2.8-3 total C, 0.7-1 Si, 0.5-0.8 Mn, > 0.2 P, 1.8-2 
Cr, 2.8-3.2 Ni. 

The nickel content must be adjusted to suit the carbon 
content in order to attain maximum hardness. These 
rods should be used for maximum wear resistance; for 
example, hammers, parts of milling apparatus, valves, 
guides, dredges, conveyor equipment, etc. 

White, austenitic Cr-Ni cast-iron surfaces are softer 
but less brittle than the martensitic type. Their chief 
use is for chemical and petroleum equipment in which 
corrosion resistance in HCl, HeSO,y, and mixtures of 
H4SO, and HNO; is important. The following composi- 
tion is usually best. 

3. 33.3 total C, 0.7-1 Si, 1-1.5 Mn, 0.2 P, 4-6 Cr, 
8-12 Ni. 

Coatings of Cu-Ni alloys containing tin and sili 
are hard and ductile, and have good resistance to cor 
rosion and oxidation. The following compositions are 
recommended. 


l. 1-1.5 Mn, 3-3.2 Si, 5—6 Sn, 50-60 Ni, rem. Cu 
2. 1-1.5 Mn, 4-5 Si, 5-6 Sn, 50-60 Ni, rem. Cu 


Several layers should be deposited on cast iron to pre 
vent graphite inclusions. These rods are difficult to 
apply to brass or bronze whose melting points are to 
low and whose thermal conductivity is too high. The 
Cu-Ni surfaces are excellent for valves, valve seats 
pump parts, and all applications in which absence oi 
seizure at high pressures and temperatures is essential 
The Cu-Ni surfaces have been successful as valve seat: 
of internal combustion engines 


Table 3—Copper-Nickel Alloys Containing Tin and Silico 
used for Hard Facing 
Brinell 
Hard- Nut 
he ' 


Composition of Deposit, ness I 
Base % of of 

No. Metal Cu Ni Sn Si Deposit Layer 
16 Monel metal 36.2 50.5 4.9 5.8 420 2 
17 Monel metal nH. «46:9 7.0 4:9 405 2 
18 Mild steel 36.2 50.5 4.9 5.8 423 2 
19 Pearlitic gray 

cast iron 34.1 418.9 7.0 4.9 360 2 
20 Austenitic gray 

cast iron 7.2 49.1 5.2 4.95 413 
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